Guidelines for the Diagnosis, Evaluation, and Management of Sports-Related Concussions in Adolescent Athletes: Translating Evidenced-Based Recommendations into Primary Care Practice by Greenwood, Julie
University of Northern Colorado
Scholarship & Creative Works @ Digital UNC
Capstones Student Research
12-2017
Guidelines for the Diagnosis, Evaluation, and
Management of Sports-Related Concussions in
Adolescent Athletes: Translating Evidenced-Based
Recommendations into Primary Care Practice
Julie Greenwood
Follow this and additional works at: https://digscholarship.unco.edu/capstones
This Text is brought to you for free and open access by the Student Research at Scholarship & Creative Works @ Digital UNC. It has been accepted for
inclusion in Capstones by an authorized administrator of Scholarship & Creative Works @ Digital UNC. For more information, please contact
Jane.Monson@unco.edu.
Recommended Citation
Greenwood, Julie, "Guidelines for the Diagnosis, Evaluation, and Management of Sports-Related Concussions in Adolescent Athletes:




UNIVERSITY OF NORTHERN COLORADO 
Greeley, Colorado 




GUIDELINE FOR THE DIAGNOSIS, EVALUATION, AND 
MANAGEMENT OF SPORTS-RELATED CONCUSSIONS 
IN ADOLESCENT ATHLETES: TRANSLATING  
EVIDENCED-BASED RECOMMENDATIONS  








A Capstone Project Submitted in Partial Fulfillment 
of the Requirements for the Degree of  















College of Natural and Health Sciences 







This Capstone Project by: Julie Greenwood 
 
Entitled: Guideline for the Diagnosis, Evaluation, and Management of Sports-Related 
Concussion in Adolescent Athletes: Translating Evidenced-Based Recommendations into 
Primary Care Practice 
 
Has been approved as meeting the requirement for the Degree of Doctor of Nursing 
Practice in the College of Natural and Health Sciences in School of Nursing, Program of 
Nursing Practice  
 
 














Nancy S. Samples DNP, Committee Member 
 
 






Linda L. Black, Ed.D. 
Associate Provost and Dean 
















Greenwood, Julie. Guideline for the Diagnosis, Evaluation, and Management of Sports-
Related Concussion in Adolescent Athletes: Translating Evidenced-Based 
Recommendations into Primary Care Practice. Unpublished Doctor of Nursing 
Practice capstone project, University of Northern Colorado, 2017. 
 
 Sports-related concussions in adolescent athletes are a significant health concern. 
Evidence demonstrates that despite increased published literature on concussions, many 
providers are still practicing with outdated information that is not evidenced-based.  This 
puts adolescent athletes at risk for potentially detrimental consequences such as second-
impact syndrome.  This syndrome can result in devastating results such as collapse, 
death, permanent neurological damage, respiratory failure, and loss of consciousness.  
Since second-impact syndrome can result from a second injury before complete symptom 
resolution from the initial concussion, it is imperative for providers to ensure adequate 
recovery and prevent the athlete from returning to play prematurely.  Furthermore, 
repetitive concussions over time have been linked to conditions such as depression, mild 
cognitive impairment, prolonged recovery from future concussions, and potentially 
chronic traumatic encephalopathy.   
 The literature supported the creation of a concussion guideline and algorithm that 
would assist providers in caring for adolescents with a sports-related concussion.  
Therefore, this capstone project created a guideline and algorithm based on the literature 
and expert opinions gathered with the Delphi survey.  The Stetler (2001) model provided 
the theoretical framework for the project.  An educational in-service was developed for 
iv 
 
providers at the primary care clinic.  The guideline along with the pathophysiology of 
concussions and negative consequences were presented and discussed.  Anticipated 
outcomes included adherence to evidenced-based literature, standardized management of 
concussions, increased provider knowledge, and improved patient outcomes.  
Furthermore, anticipated long-term outcomes were decreased negative sequelae from 
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STATEMENT OF THE PROBLEM 
 
 
Background and Significance 
 
A concussion is “a clinical syndrome involving a disturbance in brain function 
that is generally time-limited and results from biomechanical forces, such as a bump, 
blow, or jolt to the head or body” (Graham, Rivara, Ford, & Spicer, 2014, p. 27).  
Concussion is a term describing a functional injury that has not been well understood 
throughout history despite it having been described more than 3,000 years ago in the 
writings from Greek medicine (King, Brughelli, Hume, & Gissane, 2014).  The term 
concussion, which represents low-velocity injuries that result in brain shaking, was not 
utilized until the 17th century when a physician described it as a short “alienation of the 
mind with privation of sense and motion” (King et al., 2014, p. 451).  By the 19th 
century, a physician described clinical signs and symptoms to distinguish various types of 
brain injuries (King et al., 2014).  Until more recently, loss of consciousness was 
considered a defining characteristic of concussions.  “In 1966, the Congress of 
Neurological Surgeons proposed a consensus definition of concussion that persisted for 
many years and was limited by the lack of knowledge of the pathophysiology of 
concussion” (Adirim, 2007, p. 2).  This lack of understanding has made universal 
agreement difficult, resulting in confusion regarding the diagnosis, management, and safe 




the First International Concussion in Sport Conference to form a consensus on the 
definition (King et al., 2014).  The Concussion in Sport Group (CISG; 2013) developed a 
unanimously agreed upon definition and update to the recommendations for the medical 
management of concussions (King et al., 2014).  For the first time, loss of consciousness 
was not considered a defining characteristic (King et al., 2014).  
Terms such as mild traumatic brain injury, traumatic brain injury (TBI), and 
concussion often appeared interchangeably in the literature.  While the terms represent 
neurocognitive dysfunction, a TBI refers to symptoms on a spectrum, whereas a 
concussion refers to a very specific definition within mild TBI (King et al., 2014).  For 
the purposes of this capstone project, the term concussion was used when describing a 
mild TBI, TBI, and concussion.   
Concussions are a mild TBI that result from linear and/or rotational forces that 
cause the brain to be violently shaken within the skull (Adirim, 2007).  This impact 
disrupts normal brain functioning and causes a neurometabolic cascade (King et al., 
2014).  “The ‘neurometabolic cascade’ underlying the clinical presentation of a 
concussive injury describes a complex cascade of ionic, metabolic, and 
pathophysiological events that is accompanied by microscopic axonal injury” (Harmon et 
al., 2013, p. 17).  This disruption of balance and metabolism requires an increase in 
energy to re-establish homeostasis.  Normally, mitochondria are able to increase the 
production of adenosine triphosphate (ATP) to meet the increased energy demand but 
there is mitochondrial dysfunction as a result of the injury (Grady, Master, & Gioia, 
2012).  Not only this but “fuel sources that generate ATP, such as glucose and to a lesser 




compounding the problem” (Grady et al., 2012, p. 378).  Cerebral blood flow also 
decreases, further slowing the delivery of essential fuel sources.  Rat models have 
demonstrated the release of neurotransmitters that lead to increased cell wall 
permeability, allowing an influx of sodium and an efflux of potassium (Grady, 2010).  
These changes alter the pH of the cell, leading to further damage and the release of 
cytokines that cause an inflammatory response (Grady, 2010).  Furthermore, secondary 
injury occurs with this inflammatory response.  “This cascade of cell injury may explain 
why concussive symptoms can worsen clinically over the first 6-24 hours after the initial 
injury” (Grady, 2010, p. 156).  While most individuals will recover from a concussion 
within 7 to 10 days, numerous studies have indicated repeat concussions might result in 
long-term problems in mood, memory, cognitive functioning, balance, and concentration.   
This capstone project focused on sports-related concussions in adolescents since 
adolescents have been found to be more susceptible to catastrophic injury after a 
concussion.  This susceptibility is hypothesized to be due to physiological differences 
between the developing versus mature brain.  When compared to the adult brain, the 
adolescent brain has shown lower auto regulation of blood flow and higher blood 
velocities, which lead to a greater metabolic mismatch (Grady et al., 2012; Graham et al., 
2014).  Not only this but the development of gray matter in the brain, which is 
responsible for processing and cognition, is slower during adolescence than in childhood 
and adulthood (Graham et al., 2014).  Gray matter does not develop uniformly and in 
adolescence the primary sensorimotor regions mature initially; whereas the areas 
responsible for attention and working memory, which are in the parietal and prefrontal 




et al., 2014).  Concussions also result in changes in the white matter, which is responsible 
for coordination between different regions of the brain (Graham et al., 2014).   
Sports-related concussions due to contact sports in adolescents are a significant 
health concern in the United States (Rivera, Roberson, Whelan, & Rohan, 2015).  
Increased public awareness has caused the reported incidence in concussions to increase.  
However, it is important to recognize that approximately 50% of sport-related 
concussions continue to go unreported (Harmon et al., 2013).  A study of high school 
athletes in a large public high school system demonstrated the overall increase in 
reporting of concussions from 1.2 to 4.9 per 10,000 between the 1997-1998 and 2007-
2008 academic years (Graham et al., 2014).  This is a 16.5% average annual increase 
(Graham et al., 2014).  It is estimated 3.8 million concussions occur during competitive 
sports (Harmon et al., 2013).  Athletes between the ages of 10 and 19 are at particularly 
high risk and approximately 1 in 10 high school sports injuries is a concussion (Rivera et 
al., 2015).  
The Centers for Disease Control’s data have shown an increase in TBIs seen in 
the emergency departments that might be sports-related (Graham et al., 2014):   
Between 2001 and 2009 the number of children and adolescents age 19 years and 
younger in the United States who were treated in emergency departments for 
concussions and other nonfatal, sports- [and recreation-] related concussions 
[TBIs] increased from approximately 150,000 to 250,000. (p. 28) 
   
This is an increase of 57%.  In high school athletes, the leading causes of concussions are 
football, ice hockey, soccer, boxing, and rugby (Aminoff & Moreira, 2017).  In fact, 
concussions are second only to road trauma in the United States as the most common 




Despite increased public awareness of concussion, the actual financial cost of 
concussions to society is difficult to quantify since it is reported as TBI.  This is because 
confusion regarding concussion’s defining characteristics has persisted for a long period 
of time.  Despite this, the Centers for Disease Control and Prevention (CDC; 2017) 
estimated the cost of TBI in the United States, which includes sports related concussions 
in adolescents, was approximately $76.5 billion in 2010.  This included both direct and 
indirect costs.  Besides the tangible fiscal costs, the sequelae from concussions are 
burdensome to families, individuals, and society.  Relationships might change, 
productivity decreases, and school and work absences pose significant indirect costs 
(Faul, Xu, Wald, & Coronado, 2010).  Colorado ranks ninth in the nation in fatalities due 
to TBI and 13th in the nation in hospitalizations due to a TBI (Brain Injury Alliance 
Colorado [BIAC], 2017).  Data collected on sports-related concussions in emergency 
departments across the United States demonstrated the following: 
• In 2008, 44,000 ED visits were due to sports-related concussions 
• 58% of sport-related concussions were youth between the ages of 14 and 18 
(high school age) 
• 17% were between 11-13 years of age  
• 8% were between the ages of 19 to 23 
• 95% of the sport-related concussions were discharged home 
• 25% of those patients hospitalized suffered moderated or prolonged loss of 
consciousness 
• 51.6% of the patients diagnosed with a sports-related concussion did not 
experience loss of consciousness, as opposed to 21.1% of those who did. 
(Zhao, Han, & Steiner, 2011, pp. 1-2) 
 
  Historically, a concussion was not considered a serious injury so athletes would 
just shrug it off and return to the game (Graham et al., 2014).  Despite published 
guidelines for concussion management, lack of consistency amongst providers caring for 




consequences.  The recognition of concussions as a serious injury is an evolving and 
controversial topic in the United States.   
  Adolescents are more susceptible to neurological dysfunction and prolonged 
recovery (Harmon et al., 2013).  Studies have demonstrated that adolescents who have 
suffered from a concussion take longer to heal than adults.  “In high school football 
players suffering from a concussion (average age 16), more than half of them took longer 
than one week to heal, and 10% took longer than three weeks” (Grady, 2010, p. 160).  
Other studies have demonstrated prolonged healing greater than six months (Grady, 
2010).  It is believed neurological maturation affects recovery time (Sprouse, Harris, 
Sprouse, Humerick, & Miller, 2016).  Animal studies have demonstrated the developing 
brain might be more susceptible to the “pathologic release of excitatory amino acid 
neurotransmitters (glutamine and aspartate) following trauma than adult brains” (Grady, 
2010, p. 159).  Returning to full activity before the resolution of symptoms could lead to 
a rare condition called second impact syndrome, which is reported almost exclusively in 
teens (Rivera et al., 2015).  The initial concussion causes the brain to be more susceptible 
to serious injury if a subsequent impact occurs before complete symptom resolution 
(Adirim, 2007).  Second-impact syndrome was first described in 1973 as a condition that 
might occur if an athlete experiences a second blow to the head before recovering from 
the initial concussion (Harmon, 1999).  The results can be devastating and lead to 
collapse, permanent neurological damage, loss of consciousness, respiratory failure, and 
death (Adirim, 2007; King et al., 2014).  “These events have been attributed to 
cerebrovascular dysregulation, vascular engorgement, herniation of brain tissue, 




the exact pathophysiological pathway remains unknown” (King et al., 2014, p. 458).  The 
results of concussions are cumulative and permanent.  In fact, “repeat concussions may 
result in long-term outcomes, which include depression, mild cognitive impairment, 
prolonged recovery from subsequent concussions, electrophysiological changes, and 
chronic traumatic encephalopathy” (King et al., 2014, p. 450).  Chronic, repetitive head 
injury has been linked to chronic traumatic encephalopathy (CTE).  Autopsies have 
demonstrated CTE in athletes as young as 18-years-old who died with a history of 
concussions (King et al., 2014).  “Athletes with multiple concussions can have 
neurobehavioral manifestations of CTE, such as changes in memory, behavior, 
personality, gait and speech, and Parkinsonism-type symptoms” (King et al., 2014, p. 
458).  Autopsies of brains of athletes who have been involved in collision sports for years 
have shown increased deposits of tau proteins at the surface of the brain; these same 
proteins are also seen in other neurodegenerative conditions such as Parkinson’s (Grady, 
2010).  There is speculation that concussions are a risk factor for CTE.  Much research is 
still necessary to determine the exact causes.  It is important to note that even concussions 
that begin in the childhood and teen years can lead to cumulative and compounding 
results with time.  Therefore, it is essential to properly diagnose and manage adolescents 
with concussions to ensure adequate recovery and prevent complications such as re-
injury, second-impact syndrome, or chronic repetitive head injuries (Gillooly, 2016).   
 Since a subsequent concussion before full recovery from the original impact could 
lead to such detrimental results, the safe window when an athlete might return to play has 
been a debate for quite some time.  While previous guidelines were not evidence-based, 




Physicians guideline stated, “If concussion symptoms clear within 15 minutes and if no 
associated loss of consciousness or post-traumatic amnesia has occurred, the athlete may 
return to play that day” (Harmon, 1999, p. 888).  Loss of consciousness was the most 
defining characteristic at the time (Harmon, 1999).  As of 2007, guidelines recommended 
athletes wait to return to play until free of any symptoms including headache and 
dizziness but data did not indicate it could be harmful (Ropper & Gorson, 2007).  Since 
then, a considerable amount of research has been aimed at concussion and a variety of 
guidelines exist including the CDC (Graham et al., 2014), the Zurich Consensus 
(McCrory et al., 2013), and the American Academy of Neurology (AAN; Giza et al., 
2013).   
 There has also been a national response and increased public awareness of 
concussions.  In 2011, the Jake Snakenberg Youth Concussion Act was enacted in 
response to the death of a high school football player who likely experienced second-
impact syndrome (BIAC, 2017).  The player passed away on the field from a typical blow 
to the head when he had not recovered from the initial concussion (BIAC, 2017).  The 
Jake Snakenberg Youth Sports Concussion Act requires coaches to be educated on 
concussions, remove the student athlete from play, and be cleared by a healthcare 
professional before returning to play (BIAC, 2017).  All 50 states now have return to play 
legislation that requires student athletes be removed from play until a provider allows 
them to return (Rivera et al., 2015).  However, despite this legislation, healthcare 
professionals are not required to receive training on the management of concussions.  
Multiple campaigns including the CDC’s (2017) Heads Up! initiative have been created 




providers is not mandatory, providers might be unaware of the changes in management 
and be practicing with outdated information that is not research-based (Wandling & 
Guillamondegui, 2015).  Since the consequences of concussions can be extremely 
detrimental, it is extremely important that healthcare providers have the necessary 
education, tools, and resources in appropriately diagnosing, evaluating, and managing 
sport-related concussions in adolescents.  
Problem Statement and Purpose 
Sports-related concussions in adolescents are a significant concern for athletes 
participating in collision sports (Grady et al., 2012).  Since concussions cannot be 
visualized with imaging, diagnosis and management rely on the provider’s ability to 
recognize vague signs and symptoms (King et al., 2014).  Additionally, since universal 
agreement regarding the definition of a concussion has persisted over time, evaluation 
and management have not been evidenced-based (Adirim, 2007).  While there has been 
an increase in the literature and public awareness regarding concussions, approximately 
50% continue to go unreported (Harmon et al., 2013).  Legislation mandates that coaches 
receive education on concussions but there is no such obligation for providers (Wandling 
& Guillamondegui, 2015).  Providers might therefore be practicing with outdated 
information and practices.  The results from repeat concussions over time are cumulative 
and permanent and might result in psychological and/or cognitive impairments (King et 
al, 2014).  Chronic traumatic encephalopathy is a potentially devastating long-term result 
of repetitive concussions that can occur over the life-span (Grady, 2010).  Because of 
these devastating sequelae from concussions, it is imperative that providers implement 




sports-related concussions in adolescents.  Therefore, this capstone project focused on 
translating the most updated evidenced-based literature into practice in the form of a 
concussion guideline and algorithm that could serve as a guide for providers caring for 
adolescents suspected of enduring a sports-related concussion.   
Theoretical Framework 
  The Stetler (2001) model was utilized to guide the planning, development, and 
implementation of this capstone project.  Since a lack of consistency in caring for 
adolescents with sports-related concussions persists, there was a need to create a 
concussion guideline to ensure standardized, evidenced-based practices.  The Stetler 
model is an evidenced-based model developed in 1976 to simplify the necessary steps for 
translating research into practice (see Figure 1).  The model consists of five phases in a 
step-wise fashion to achieve this goal: preparation, validation, comparative evaluation/ 
decision making, translation/application, and evaluation (Stetler, 2001).  A description of 
each phase and how it applied to this capstone project are described as follows:  
• Phase I: Preparation.  Phase I involved identifying the purpose of the 
capstone project based on evidence from the literature.  Additionally, the 
project design, proposal, and Institutional Review Board (IRB) approval 
occurred during this phase (see Appendix A). 
• Phase II: Validation.  Phase II entailed the completion of a thorough 
literature review.  This involved evaluating evidence for its clinical 
significance, applicability, and credibility.  All included literature was 
assessed pragmatically for its value in improving practice and its utilization 












• Phase III: Comparative Evaluation/Decision making.  In this phase, the 
literature was synthesized and decisions were made regarding which 
evidence could be applied to the given practice.  The Delphi survey method 
was utilized in this phase to ascertain consensus amongst a panel of experts 
regarding appropriate components to be included in the clinical practice 
guideline.  The expert panel also further identified obstacles and facilitators 
to implementing the evidence into practice. 
• Phase IV: Translation/Application.  Phase IV was the development of the 
guideline and algorithm, which was based on findings from the Delphi 
survey and literature review.  The exact methods of implementing change at 
the specific site were determined during this phase.  Due to time constraints, 
the guideline was not implemented into practice but an educational in-
service for the providers was delivered.  
• Phase V: Evaluation.  In the evaluation phase, the implementation, goals, 
and progress are typically evaluated.  If the developed guideline were 
implemented into practice, a cost-benefit analysis, negative outcomes, or 
any unexpected outcomes would be analyzed.  Instead, pre- and post-tests 
were used to evaluate the learning of the providers at the facility, and the 
significance of the educational in-service.  Furthermore, the providers were 









To build the foundational basis for sports-related concussions in adolescents for 
this capstone project, a thorough literature review was undertaken.  Electronic databases 
used to gather the literature included Cumulative Index to Nursing and Allied Health 
Literature (CINAHL), PubMed, Google ScholarTM, and Cochrane Database of Systematic 
Reviews.  Of the articles included, many provided citations that further expanded the 
literature review.  Keywords and phrases searched included concussions, mild traumatic 
brain injury, concussion in sports, concussion in sport in adolescents, head injury, 
diagnostic tools, current concussion treatment management, brain injury, concussion 
guidelines, concussion pathophysiology, and concussion management.  Additionally, the 
term brain concussion was searched in PubMed and CINAHL for a more focused and 
thorough search.  Inclusion criteria comprised of scholarly literature published between 
2004 to 2017 and those written in the English language.  Study designs within the 
literature review included systematic reviews, cross-sectional studies, retrospective 
studies, prospective cohort studies, prospective observational cohort studies, descriptive 
studies, and integrative reviews.  
Altering Definition of Concussion and  
Resistance to Change  
The definition of concussion has changed over time and a uniform agreement has 
been attempted for a long period of time without success.  Its definition needs to be 
understood and standardized to accurately diagnose, understand, and manage 
concussions.  The term concussion or commotio cerebri dates as early as 1700 BC to 




as 2007, it was still believed a “concussion refers to an immediate and transient loss of 
consciousness accompanied by a brief period of amnesia after a blow to the head” 
(Ropper & Gorson, 2007, p. 166).  It was also believed the extent of the injury correlated 
with the duration of the loss of consciousness (LOC).  Studies have since shown LOC is 
not predictive of concussion but instead, the presence of amnesia is a more sensitive 
indicator (King et al., 2014).  Terms such as “ding” or having one’s “bell rung” have 
been common ways to describe concussion (King et al., 2014).  These terms reduce the 
perceived severity of concussion.  Since the term concussion, which is more frequently 
used in describing sport-related mild traumatic brain injuries, was first used, various 
attempts to establish a uniform definition have been made (King et al., 2014).  The term 
concussion is the preferred term and is also best understood by patients receiving 
information about the condition (King et al., 2014).  Since a concussion is a functional 
rather than structural injury, i.e., it is typically associated with normal neuroimaging 
findings, its diagnosis therefore relies on understanding its definition and defining 
characteristics (Hobbs, Young, & Bailes, 2016; King et al., 2014; Reddy, Collins, & 
Gioia, 2008;).  
Ever since the appearance of the term concussion in the medical literature, many 
attempts have been made to standardize its meaning (King et al., 2014).  An elaborate 
definition was first made in 2001 at the First International Concussion in Sport Group 
Conference (McCrory et al., 2013).  The definition has been altered since 2001; the most 
recent is an update from previous recommendations (West & Marion, 2014).  The current 
international consensus definition as determined at the Fourth International CISG in 2012 




Concussion is a brain injury and is defined as a complex pathophysiological 
process affecting the brain, induced by biomechanical forces. Several common 
features that incorporate clinical, pathologic and biomechanical injury constructs 
that may be utilized in defining the nature of a concussive head injury include:  
1. Concussion may be caused either by a direct blow to the head, face, neck, or 
elsewhere on the body with an “impulsive” force transmitted to the head. 
2. Concussion typically results in the rapid onset of short-lived impairment of 
neurologic function that resolves spontaneously. However, in some cases, 
symptoms and signs may evolve over a number of minutes to hours.  
3. Concussion may result in neuropathologic changes, but the acute clinical 
symptoms largely reflect a functional disturbance rather than a structural 
injury and, as such, no abnormality is seen on standard structural 
neuroimaging studies.  
4. Concussion results in a graded set of clinical symptoms that may or may not 
involve loss of consciousness. Resolution of the clinical and cognitive 
symptoms typically follows a sequential course. However, it is important to 
note that in some cases symptoms may be prolonged. (p. 555) 
 
The American Medical Society for Sports Medicine (Harmon et al., 2013) defined 
concussion as “a traumatically induced transient disturbance of brain functions and 
involves a complex pathophysiological process” (p. 15).  The American Academy of 
Neurology (Giza et al., 2013) defined a concussion as “a clinical syndrome of 
biomechanically induced alteration of brain function, typically affecting memory and 
orientation, which may involve loss of consciousness (LOC)” (p. 2250).  The American 
Congress of Rehabilitation Medicines (Hobbs et al., 2016) defined concussion as 
a traumatically induced physiological disruption of brain function resulting from 
the head being struck or striking an object or the brain undergoing an acceleration 
and deceleration movement as manifested by at least one of the following: a 
period of LOC up to 30 minutes; posttraumatic amnesia that does not exceed 24 
hours; any period of confusion or disorientation; transient neurological 
abnormalities (focal neurological deficits, seizures, nonsurgical intracranial 
lesions); and a Glasgow Coma Scale (GCS) score of 13-15 within 30 minutes of 
presentation. (p. 2)   
 
Variation amongst providers in the management of concussions causes concern 
for premature return to physical and cognitive demands (Eady, Moreau, Horsely, & 




efforts, inconsistencies, unawareness, and non-adherence to evidenced-based practices 
continue to persist.  A retrospective study by Carson et al. (2014) of 170 electronic health 
records in a sport medicine and family practice in Ontario, Canada demonstrated that 
over a five-year period, 43.5% of the concussion cases returned to playing sports too soon 
and 44.7% of the individuals returned to school too soon.  Another study at Children’s 
Hospital of Philadelphia (Arbogast et al., 2013) revealed that despite primary care 
provider’s awareness of cognitive rest as part of the concussion management, only 2% of 
the providers were able to actually translate this evidence into practice.  Not only this, yet 
another study (Kinsman, Mannix, Comstock, &Meehan, 2014) demonstrated providers 
felt uncomfortable delivering the plan of care and educating families on return to play 
instructions.  Providers might be unaware of the changes in practice guidelines but even 
amongst those who were aware of the guidelines, only 19% to 28% conveyed they had 
changed their practices (Eady et al., 2016).  
Concussion Pathophysiology 
 Concussions are difficult to diagnose and involve a spectrum of symptoms.  
While research has expanded drastically, many answers regarding the underlying 
pathology of certain symptoms remain largely unknown (Graham et al., 2014): 
The biomechanics of concussions is defined broadly as the interrelationships 
among the forces experienced during impact, head and neck movements, stiffness 
of the tissues that composes the head/neck complex, deformation of structures at 
the macroscopic and microscopic level, and the biological responses to the 
various loading conditions imposed on the head. (p. 59).   
 
These biological responses might occur structurally or functionally.  Structural changes 
that cannot be visualized with neuroimaging are due to torn vessels and axons, whereas 




2014).  These responses might occur immediately or be delayed, which could explain 
why symptoms might not occur for a few hours to days after the injury (Grady, 2010; 
Graham et al., 2014).  Furthermore, “it is widely accepted that smaller deformations may 
be associated with brief functional changes (deficits in synaptic transmission, signaling 
pathways, and membrane permeability) and that larger deformations may cause 
permanent structural changes” (Graham et al., 2014, p. 2).  Concussions are associated 
with these smaller macroscopic and microscopic deformities that are brief and transient 
and not visualized by neuroimaging; whereas, more severe brain injuries lead to more 
permanent changes and gross anatomical changes seen on imaging (Graham et al., 2014).   
Evidence demonstrated the primary cause of concussions is from the velocity of 
an initial external force the brain experiences at the moment of the impact, followed by 
subsequent kinematic responses to the head (Graham et al., 2014; Meaney & Smith, 
2011).  Acceleration forces experienced by the head are typically both linear and 
rotational, which are influenced by the location of the initial impact and the head in 
relationship to the location of the neck and body (Graham et al., 2014).  Rapidly 
experienced rotational forces generate a shearing force greater than others that deforms 
brain tissues more rapidly (Meaney & Smith, 2011).  It is understood that this shearing 
deformation from rotational forces is the main mechanism of injury in concussions 
(Graham et al., 2014; Meaney & Smith, 2011).  The degree of tissue deformation is 
dependent on the location of the force, intracranial membranes, and the material 
properties of the brain (Meaney & Smith, 2011):  
The ventricular system may have an important damping effect on the strains that 
appear throughout the brain during rotational motions, and the membranes that 
partition the cerebral hemispheres and the cerebellum from the cerebrum also 




The injury causes permeability of the plasma membrane, a neurometabolic cascade and 
mismatch, neurotransmitter release, an increase in brain glucose uptake, alteration in 
receptors and intracellular signaling, changes in neuron responses, and various oxidative 
injuries to the brain (Graham et al., 2014; King et al., 2014; Meaney & Smith, 2011).    
Guidelines 
 While previous guidelines for concussion management aimed at reducing 
increased risk for further injury, the pathophysiology was not well understood and the 
guidelines were not evidenced-based.  “Past studies have been flawed due to lack of 
consensus of the definition of a concussion, no objective cognitive measurements, and 
subjective recall of concussions” (Goldberg & Dimeff, 2006, para 21).  The following 
section summarizes three concussion guidelines: the CISG (McCrory et al., 2013), CDC 
(Graham et al., 2014), and the AAN (Giza et al., 2013).  More detailed information 
discussing specifics of each guideline will be discussed following these summaries.  
Summary of Zurich Consensus guideline.  Due to the absence of evidenced-
based guidelines for return-to-play, the CISG group held a symposium in Vienna in 2001 
to develop a consensus recommendation based on the literature (Goldberg & Dimeff, 
2006).  The CISG consisted of experts who had authored the most widely accepted 
concussion guidelines.  In 2004, the group decided to abandon previous grading scales 
and create a 
more individualized approach to each athlete, including combined measures of 
recovery to assess severity of injury and prognosis as well as an individual 
approach of recognition, remove from play, rest until asymptomatic, and step-
wise return-to-play. (Goldberg & Dimeff, 2006, para 27)   
 
Furthermore, the CISG recommended a pre-participation physical to include 




Throughout the literature, it became apparent many sources referred to the return to play 
protocol made by the Zurich Consensus.  For instance, a few of these included the 
Journal of Family Practice, the CDC, and UptoDate (CDC, 2017; Meehan & O’Brien, 
2017; Sprouse et al., 2016).  The Zurich Consensus Statement provided various key 
recommendations in concussion management including: 
1. Definition of concussion 
2. Signs and symptoms of a concussion  
3. On-field or sideline evaluation  
a. Address first aid issues first, then assessment of concussive injury 
with Sport Concussion Assessment tool-3 (SCAT3) or the 
Standardized Assessment of Concussion (SAC) 
b. Athlete with concussion should not be allowed to return-to-play 
same day as injury 
4. Initial medical evaluation:  
a. “A medical assessment, including a comprehensive history and 
detailed neurological examination with a thorough assessment of 
mental status, cognitive functioning, gait, and balance” (McCrory 
et al., 2013, p. 556). 
b. Determine if neurological improvement or deterioration 
c. Determine if neuroimaging is necessary 
5. Neuropsychological testing 
6. Concussion management 
a. Rest: first 24-48 hours after injury 
b. Recovery 
i. Graduated Return-to-school  
ii. Graduated Return-to-play Protocol. (McCrory et al., 2013, 
p. 556) 
 
 Symptoms discussed by the Zurich Consensus included somatic (headache), 
cognitive (feeling foggy), behavioral, and sleep disturbance (West & Marion, 2014).  If 
any one or more of these symptoms are present, a concussion should be suspected 
(McCrory et al., 2013).  A detailed concussion history is imperative and a 
multidisciplinary approach for diagnosis and management is advocated (McCrory et al., 
2013; West & Marion, 2014).  Neuroimaging with a CT scan or MRI is only necessary 




concussion evaluation (West & Marion, 2014).  These points are also covered by the 
SCAT3--a recommended tool by the Zurich Consensus (McCrory et al., 2013).  
Furthermore, balance testing was recommended, whereas the recommendations for 
neuropsychological testing were mixed.  The Zurich Consensus recognized the clinical 
applicability of neuropsychological testing in conjunction with other assessments to aid 
in return-to-play decisions.  When possible, a neuropsychologist should interpret the 
results but when not available, conservative return-to-play decisions should be made.  
Despite its recognized benefits, the committee did not mandate neuropsychological 
testing since there is insufficient evidence (McCrory et al., 2013).  
Rest was the cornerstone of concussion management recommendations by the 
Zurich Consensus (McCrory et al., 2013).  While the optimal amounts and types of rest 
necessary were unclear, the Zurich Consensus recommended an initial 24-48 hours of rest 
during the acute symptomatic phase of the concussion (McCrory et al., 2013).  Light 
exercise might be beneficial but the timing remains unknown (McCrory et al., 2013).  
The Zurich Consensus recommends returning to physical and cognitive demands be 
individualized and occur in a graduated step-wise manner once the athlete is 
asymptomatic and not taking any pharmacological agents (McCrory et al., 2013).  When 
proceeding through the return-to-play protocol, the athlete must remain asymptomatic for 
24 hours at each step before progressing to the next step.  However, if symptoms return, 
they must return to the previous step (McCrory et al., 2013; West & Marion, 2014).  
According to this protocol, it might take approximately one week for the athlete to 
proceed through the rehabilitation protocol (McCrory et al., 2013).  In cases when 




& Marion, 2014).  Furthermore, mental health issues were discussed since they had been 
reported as a consequence of concussions (West & Marion, 2014).  The treating provider 
should evaluate for symptoms such as depression and anxiety; however, pharmacological 
therapy should only be initiated by providers experienced in concussion management and 
in cases of prolonged symptoms, or to modify the underlying pathophysiology in an 
attempt to shorten the symptoms of concussion (McCrory et al., 2013). 
 A pre-participation concussion history was recommended to identify athletes at 
high risk and to educate individuals on concussions (McCrory et al., 2013).  Modifying 
risk factors that are important to consider in the history were also agreed upon by the 
CISG and included female sex, loss of consciousness, motor and convulsive movements, 
and depression (McCrory et al., 2013).  The Zurich Consensus noted repeated 
concussions over time were a risk factor for future concussions, which might lead to a 
decreased force threshold necessary for causing subsequent concussions (West & Marion, 
2014).  
Summary of Centers for Disease Control and Prevention guideline.  The CDC 
(2013) launched the Heads Up! initiative in 2003 in an effort to educate coaches, parents, 
athletes, and healthcare professionals on the prevention, recognition, and management of 
concussions in athletic youth.  A major focus of the public health initiative was 
disseminating evidenced-based guidelines and literature to reduce the incidence of 
athletes who return to the game when suspected of enduring a concussion (Graham et al., 
2014).  The CDC endorsed removal of the athlete from the game, referral to a healthcare 
provider, and clearance from a provider before returning to play (Graham et al., 2014).  




Major points covered in the CDC guideline include the diagnosis, use of 
evaluation tools, ongoing clinical evaluation of symptoms, neuropsychological testing, 
serum biomarkers, and recovery management (Graham et al., 2014).  Diagnosis is based 
on the symptoms of concussion in the four domains as discussed by the Zurich 
Consensus: physical (somatic), cognitive, emotional (affective), and sleep (Graham et al., 
2014).  Concussion should be suspected in those with symptoms in one or more of these 
categories (Graham et al., 2014).  For sideline concussion screening, the following tools 
were recommended: Standardized Assessment of Concussion (SAC), Sport Concussion 
Assessment Tool 3 (SCAT3; Concussion in Sport Group [CISG], 2013), Balance Error 
Scoring System (BESS), King-Devick Test, and Clinical reaction time (RTclin; Graham et 
al., 2014).  Initial medical evaluation focused on a comprehensive concussion assessment 
including a thorough history of present illness (HPI) along with “symptoms scores, 
objective measures of postural stability, and cognitive testing as is often done with 
neuropsychological testing” (Graham et al., 2014, p. 105).  Use of various tools together 
was recommended since the use of multiple test batteries might improve the sensitivity 
and specificity of a concussion diagnosis.  While the exact combination of tools is 
unknown since evidence is insufficient, it was concluded that evaluation should consist of 
symptom scales/checklists, balance testing, and neurocognitive testing (Graham et al., 
2014).  A study found many forms of testing together resulted in a sensitivity of 89 to 
96% (Graham et al., 2014).   
Use of neuroimaging should be reserved for severe neurological injury suspicion 
such as a hemorrhage or skull fracture (Graham et al., 2014).  While newer imaging 




single-photon emission computed tomography, functional magnetic resonance imaging, 
and diffusion tensor imaging might be useful in the future, they cannot be endorsed by 
the CDC at this time since they have not been validated (Graham et al., 2014).  Also, 
while there is some research on serum biomarkers being helpful for diagnosis and 
prognosis in concussions, there is insufficient evidence so the CDC did not recommend it 
at this time (Graham et al., 2014).  
The CDC (2013) recommended ongoing use of a symptoms scale with each visit 
to evaluate recovery and determine necessary interventions of those with a concussion 
(Graham et al., 2014).  The Concussion Symptom Inventory (CSI) and the Acute 
Concussion Evaluation (ACE) were recommended since they are research-based and their 
psychometric evidence is strong (Graham et al., 2014).  A study evaluated the various 
published symptom scales and found among the 20 different scales, 14 of them were 
variants of six core scales (Graham et al., 2014).  The CDC discussed the role for 
neuropsychological testing for not only diagnosis but also the evaluation of symptoms 
throughout recovery as a baseline for comparison to assist in return-to-play decisions 
(Graham et al., 2014).  Despite this recommendation, further research is necessary on the 
effectiveness of neuropsychological testing in the management of sport concussions 
(Graham et al., 2014).   
The CDC (2013) referred to the Zurich Consensus, the American Medical Society 
for Sports Medicine, the American Academy of Pediatrics, and the American Academy 
of Neurology for guidance on managing recovery from a sport-related concussion 
(Graham et al., 2014).  The acute phase of recovery focuses on limiting physical and 




two to four weeks after the injury when more aggressive medical management can begin 
(Graham et al., 2014).  The CDC recommended following the same graduated return-to-
play protocol as the Zurich Consensus once the athlete is symptom free.  Again, if 
symptoms reappear with increased activity, the athlete will need to return to the prior 
level of activity for at least 24 hours (Graham et al., 2014; McCrory et al., 2013).   
Since evidence has shown neurocognitive impairments might last longer than 
physical symptoms, the CDC (2013) stressed the importance of slowly returning to 
cognitive activity (Graham et al., 2014).  Since missing school might be a significant 
burden for the athlete, school accommodations such as the Individual Educational Plan 
and the 504 Plan are recommended (Graham et al., 2014).  Despite these 
recommendations, little empirical evidence has dictated the ideal duration of physical and 
cognitive rest (Graham et al., 2014).   
Summary of American Academy of Neurology guideline.  The AAN (Giza et 
al., 2013) had very comparable recommendations with slight variations in their guideline.  
Athletes should be immediately removed from play if a concussion is suspected, a 
multidisciplinary approach is encouraged, tools for evaluating concussion are 
recommended, and recovery should be graded and monitored by a health care provider 
(Giza et al., 2013; West & Marion, 2014).  This guideline further addressed specific risk 
factors that increase the risk of concussion, diagnostic tools recommended for identifying 
concussion, and risks for prolonged post-concussion impairments.  Risk factors for 
recurrent concussion discussed were a history of concussions and a repeat concussion 
experienced within 10 days after the initial injury (Giza et al., 2013).  Symptoms 




headache, fatigue/fogginess, and dizziness (West & Marion, 2014).  The signs are 
“headache, fatigue/fogginess, early amnesia, alteration in mental status, disorientation 
reported [as] probable risk factors for persistent neurocognitive problems or prolonged 
return to play” (West & Marion, 2014, p. 161). 
Diagnostic tools recommended by the AAN include Post-Concussion Symptom 
Scale (PCSS) or Graded Symptom Checklist (GSC), the SAC, computerized and/or 
Neuropsychological Testing, the BESS, and the Sensory Organization Test (SOT).  The 
AAN also recommended a combination of diagnostic tests but due to insufficient 
evidence could not recommend the best combination (Giza et al., 2013).  
Neuropsychological testing was recommended when a neuropsychologist could 
accurately interpret it since its usefulness in identifying concussion was recognized (Giza 
et al., 2013).  Neuroimaging was not recommended except for cases when a more serious 
brain injury is suspected such as a skull fracture, neurological deterioration, and those 
with loss of consciousness, altered mental status, and posttraumatic amnesia (Giza et al., 
2013).   
Returning to play should be determined by evaluating recovery with system 
checklists, neurocognitive testing, and balance testing (Giza et al., 2013).  The AAN 
(Giza et al., 2013) concluded progressive return to physical activity might be beneficial 
but there was insufficient evidence to support specific recommendations for applying a 
specific activity program that normalized impairments.  Instead, it was concluded an 
athlete should not return to play if he/she continued to have symptoms or was taking 
medication for lingering symptoms (Giza et al., 2013).  The influence of age was 




Absolute rest was not found to be evidence-based by the AAN (Giza et al., 2013).  The 
AAN suggested resolution of symptoms be evaluated with symptom checklists, return to 
age-matched normative values, and baseline information (Giza et al., 2013).  Returning to 
cognitive demands was not discussed.  Cognitive restructuring was recommended for 
enhancing recovery and decreasing the likelihood of developing chronic post-concussion 
syndrome (Giza et al., 2013; West & Marion, 2014).  Pre-participation counseling was 
also discussed.  The AAN recommended providers discuss concussion risk factors with 
athletes and their families during pre-participation counseling including: (a) age or 
competition level (however, evidence was inconclusive); (b) type of sport (football, 
rugby, hockey, soccer highest risk); (c) gender (concussion risk greater for females); (d) 
equipment (moderate evidence that helmets reduce risk if well-fitting and good design); 
(e) position (insufficient regarding increased risk); and (f) prior concussion (strong 
evidence that history of previous concussion is significant risk for subsequent ones; Giza 
et al., 2013).   
Symptom Assessment 
Recognizing the signs and symptoms of a concussions is essential since imaging 
is not beneficial for diagnosis (Graham et al., 2014; Hobbs et al., 2016; King et al., 2014; 
McCrory et al., 2013).  Loss of consciousness only occurs in 8 to 9% of all concussions 
(King et al., 2014).  Headaches are the most commonly reported symptom and have been 
reported by 70% of athletes who have a concussion (Reddy et al, 2008).  Balance 
problems are also frequently observed in the concussed athlete since the vestibular 
system is susceptible to injury from the concussion (Reddy et al., 2008):   
Benign paroxysmal positional vertigo, labyrinthine concussion, perilymphatic 




vertigo have been reported after concussion, and several studies have documented 
balance deficits in athletes who have concussion. (p. 253)   
 
“Fogginess” after a concussion is a frequently reported symptom that has been 
studied.  Data suggest this fogginess after a concussion might be associated with a worse 
course and longer recovery period (Reddy et al., 2008).  A study demonstrated those with 
fogginess had slower reaction times, worse memory, and slower processing times on 
computerized neurocognitive testing (Reddy et al., 2008).   
Symptoms are typically divided into four domains: physical, cognitive, emotional, 
and sleep (Harmon et al., 2013).  Physical (somatic) signs and symptoms included 
headache, fuzzy or blurry vision, vomiting (early on), dizziness, visual problems, fatigue, 
sensitivity to light, sensitivity to noise, numbness/tingling, dazed, stunned, and balance 
problems (Graham et al., 2014; Harmon et al., 2013).  Cognitive symptoms reported 
included feeling mentally “foggy,” difficulty remembering or thinking clearly, feeling 
slowed down, difficulty concentrating, forgetting recent dialogues, confusion, repeating 
questions, and slow responses (Graham et al., 2014; Harmon et al., 2013).  Emotional 
symptoms were irritability, sadness, feeling more emotional, nervousness, and/or anxiety 
(Graham et al., 2014; King et al., 2014).  Sleep symptoms might include drowsiness, 
difficulty falling asleep, and sleeping more or less than usual (Graham et al., 2014; King 
et al., 2014).  Furthermore, these deficits might or might not be present for each 
individual (King et al., 2014).   
Symptoms are not only subjective but also depend on the willingness of the 
athlete to report them.   
A study of high school athletes found that female athletes reported more somatic 
symptoms (drowsiness and sensitivity to noise) while their male counterparts 




although the number of symptoms reported did not differ by sex. (Graham et al., 
2014, p. 104) 
  
 Since these symptoms are typically vague, those observing the individual might not 
perceive them as signs and symptoms of concussion.  Vague signs of concussion include 
general confusion, forgets play, moving clumsily, forgets events before play, forgets after 
being hit, and unsure of game, score, or opponent (Reddy et al., 2008).   
Diagnostic Tools for Identifying  
Suspected Concussion 
 A single gold standard exam or imaging test to diagnose concussions does not 
exist and guidelines vary in their recommendations.  However, various tools and 
assessments can aid in the diagnosis since imaging cannot (Guskiewicz et al., 2013).  
Concussion assessment tools recommended by each of the guidelines are presented and 
discussed in this section.   
The Zurich Consensus (McCrory et al., 2013) recommended the ACE, SAC, 
SCAT3, and neuropsychological testing.  The CDC (Graham et al., 2014) recommended: 
the ACE, SAC, SCAT3, BESS, King-Devick Test, and RTclin.   The CDC also 
recommended the CSI, ACE, and neuropsychological testing for ongoing symptom 
evaluation.  The AAN (Giza et al., 2013) recommended the PCSS, GSC, SAC, BESS, 
SOT, and neuropsychological testing.  As mentioned previously, a combination of tools 
greatly improves the sensitivity and specificity for concussions but should not take the 
place of clinical judgment.  It is important to remember that “worsening symptoms, 
pronounced amnesia, progressive balance dysfunction or focal neurological deficits on 
examination could be signs of intracranial pathology and should prompt neurological 




Acute Concussion Evaluation.  The ACE is intended to be administered by 
healthcare providers to their patients.  It consists of questions about the injury 
characteristics, a symptom checklist, risk factors, red flags, diagnosis, and a follow-up 
action care plan (Gioia, Collins, & Isquith, 2008).  It can be used as a clinical protocol for 
diagnosis, tracking symptoms, and the creation of a plan to return to activities (Graham et 
al., 2014).  While normative data on the ability of the ACE to determine concussion 
diagnosis were not found, Coldren, Russel, Parish, Dretschz, and Kelly (cited in Graham 
et al.,2014) concluded the Military Acute Concussion Evaluation (MACE) lacked the 
“sensitivity and specificity necessary to determine a concussive event 12 hours post 
injury” (p. 312).  Despite this, Kennedy et al. (2012) showed it could be useful in 
evaluating concussion symptoms serially if the original tool was administered within six 
hours of the injury.  Zuckerbraun, Atabaki, Collins, Thomas, and Gioia (2014) looked at 
the modified version of the ACE for use in the emergency department and its effect on 
patient follow-up and post-injury behaviors.  Results showed an improvement in follow-
up by 29% at week four and improved recall of concussion education regarding 
symptoms and activity restrictions (Zuckerbraun et al., 2014).  
 Standard Assessment of Concussion.  The SAC was designed for use by non-
professionals on the sideline of a sporting event (Giza et al., 2013).  It can be rapidly 
administered and addresses the neurocognitive domains of memory, orientation, 
immediate concentration, and delayed recall (Gillooly, 2016; Giza et al., 2013).  It is 
highly reliable, its sensitivity for concussion is 80 to 94%, and the specificity is 76 to 




Sport Concussion Assessment Tool 3.  The SCAT3 (CISG, 2013) was designed 
for individuals 13 years of age and older and contains the following components:  the 
Glasgow Coma Scale, Maddocks questions, SAC, BESS, a neck evaluation, yes/no 
symptoms checklist, information regarding the mechanism of injury, and background 
information (Graham et al., 2014; Rivera et al., 2015).  The SCAT3 was developed out of 
the SCAT2 (Pocket SCAT 2, 2009) to be used on the sidelines or in the office for 
evaluation, diagnosis, and recovery decisions (Graham et al., 2014).  It provides a 
detailed assessment of the essential components necessary for a concussion diagnosis.  Its 
reliability is 54% to 94%, sensitivity is 83% to 96%, and specificity is 81% to 91% (King 
et al., 2014; Sprouse et al., 2016).  It is for use by healthcare providers; however, in an 
aim to standardize assessments of concussions, the CISG developed two forms of the tool 
in 2008.  They included (a) the SCAT2--for medical professionals to assess concussion in 
great detail and (b) the PocketSCAT2--for non-health care professionals to assist in 
screening for concussion on the sideline (Guskiewicz et al., 2013).   
 Glasgow Coma Scale.  While the GCS is not as reliable in the athletic setting as 
memory assessment, it was included in the SCAT3 since it evaluates for and rules out 
more severe injuries that would require immediate attention (McCrory et al., 2013).  The 
standard orientation questions in the GCS were developed in 1974 to evaluate the 
severity of neurological impairment in adults (Guskiewicz et al., 2013).  An individual’s 
LOC is scored from 3 (lowest) to 15 (highest) based on three domains: eye opening, 
motor response, and verbal response.  “An initial score of less than five is associated with 
an 80% chance of a lasting vegetative state or death.  An initial score of greater than 11 is 




concussions are a relatively mild brain injury, individuals generally score a 14 or 15 
(Guskiewicz et al., 2013).  
 Maddocks questions.  Maddocks questions are used to evaluate orientation, 
particularly recall of recent events, i.e., “Where are we now?’ What team did you play 
last week?” (Guskiewicz et al., 2013).  It is scored from zero (lowest) to five (highest).  
The questions are more sensitive to concussion injury than standard orientation questions 
(Guskiewicz et al., 2013).  The sensitivity is 32% to 75% and specificity is 86% to 100% 
(Sprouse et al., 2016).   
 Balance Error Scoring System.  The balance component is very important in 
concussion evaluation (Guskiewicz et al., 2013).   
Studies indicate that the regions of the brain responsible for coordinating the 
sensory modalities (thalamus and its inter-connective pathways to the cerebral 
cortex) may be disrupted post-injury and that the vestibular system is often 
affected following a concussion. (Harmon et al., 2013, p. 21) 
   
The BESS is a quantifiable test for measuring postural stability (Giza et al., 2013).  It has 
been studied extensively in the concussed population and has been found to have high 
test-retest reliability at 0.87 to 0.97 intra-class correlations (Riemann, Guskiewicz, & 
Shields, 1999).  While the sensitivity is low to moderate at 0.34 to 0.64 when used alone, 
the specificity is high at 0.91 (Giza et al., 2013).  Using the BESS in conjunction with the 
SAC and Maddocks questions, as seen in the SCAT3, has been shown to increase the 
sensitivity (Giza et al., 2013).  
Sensory Organization Test.  The SOT measures equilibrium with a force plate 
that alters orientation and visual inputs (Giza et al., 2013).  It has been found to have low 
sensitivity for concussion when used alone (Graham et al., 2014).  One study reported 




0.57 and specificity of 0.80 (at 75% confidence interval; Giza et al., 2013).  Using it as a 
baseline with a follow-up assessment led to an increased sensitivity of 55% and 
specificity of 80% at the 75th% confidence interval (Graham et al., 2014).   
King-Devick test.  The King-Devick test assesses saccadic eye movements.  It 
works by  
measuring the speed of rapid number naming as well as errors made by the 
athlete, with the goal of detecting impairments of eye movement, attention, and 
language as well as impairments in other areas that would be indicative of 
suboptimal brain function. (Graham et al., 2014, p. 313)   
 
There is currently not enough evidence to support use of the tool since studies involved 
10 or fewer concussed athletes (Giza et al., 2013; Graham et al., 2014).   
Clinical Reaction Time Test.  The RT(clin) is a simple test that evaluates the 
reaction time to catch a dropped, weighted stick (Eckner, Kutcher, & Richardson, 2010).  
Its validity was evaluated in conjunction with another test--the CogSport simple reaction 
time measure.  It was found to be 79% sensitive and 61% specific using a 60% 
confidence interval by Eckner and colleagues in 2013 (Graham et al., 2014).  However, 
further research on its independent validity is necessary.   
 Post-Concussion Symptom Scale and Graded Symptom Checklist.  The PCSS 
or GSC is a self-reported scale of concussion symptoms that can be used throughout 
recovery (Giza et al., 2013).  Both are intended to be administered by a trained employee 
who does not need to be a provider.  The AAN (Giza et al., 2013) conducted a systematic 
review and concluded elevated post-concussive symptoms are likely to be associated with 
more severe or prolonged early post-concussive cognitive impairments (six studies: one 
Class I, two Class II, three Class III).  Furthermore, “evidence indicates that a GSC or 




biomechanical forces were imparted to the head [sensitivity was 64%-89%, specificity 
was 91%-100%; multiple Class III studies; Giza et al., 2013, p. 2252).   
Neuropsychological testing.  “Neuropsychology is the study of brain-behavior 
relationships, that is, the ways in which specific neural (brain) structure and activity are 
reflected in cognitive and physical behavior” (Graham et al., 2014, p. 134).  
Neurocognitive testing is a data-driven, reliable, valid method for assessing 
manifestations of concussions and tracking recovery from the injury (Reddy et al., 2008).  
Designed to identify occult cognitive impairment post-injury, neuropsychological 
testing has been able to identify neurocognitive deficits within 2-48 hours post 
injury and can show cognitive deficits despite athletes reporting they are 
asymptomatic. (King et al., 2014, p. 454)   
 
A study conducted by Goldberg and Dimeff (2006) reported substantial 
differences between athletes with concussion versus a control group of athletes without 
concussion in memory and response speeds.  Memory, concentration, attention, 
information processing speed, and reaction speed were all assessed (Goldberg & Dimeff, 
2006).   
Neuropsychological testing may be performed via paper-and-pencil or the 
computer (Giza et al., 2013).  Computerized tests include Immediate Post-Concussion 
Assessment and Cognitive Testing (ImPACT), CogSport, Headminders, and Automated 
Neuropsychological Assessment Metrics (ANAM; Goldberg & Dimeff, 2006).  
Computerized testing is the most accurate evaluation of response times as they are 
accurate to 0.01 seconds as opposed to traditional testing that allows for accuracy up to 
one to two seconds (Reddy et al., 2008).  A trained neuropsychologist should interpret the 
test since he/she might be aware of subtle deficits that persist beyond the extent of the 




someone who is not a neuropsychologist.  “The sensitivity has been found to be 71%-
88% of athletes with concussion” (one Class II study, multiple Class III studies; Giza et 
al., 2013, p. 2252).  A study comprised of 81 concussed athletes, aged 13 to 21, in 
comparison to 81 controls to analyze the ImPACT testing validity.  It was found to have a 
high sensitivity at 91% and sufficient specificity at 69% (Schatz & Sandel, 2013).   
 While neuropsychological testing should not be used alone or serve as the 
mainstay of diagnosis or management decisions, it is suggested that it aid in return-to-
play (RTP) decisions (McCrory et al., 2013).  The AAN (Giza et al., 2013) recognized 
the utility of neuropsychological testing but noted 12-29% of athletes with concussion 
would not be identified as such by neuropsychological testing.   
Although in most cases, cognitive recovery largely overlaps with the time course 
of symptom recovery, it has been demonstrated that cognitive recovery may 
occasionally precede or more commonly follow clinical symptom resolution, 
suggesting that the assessment of cognitive function should be an important 
component in the overall assessment of concussion and, in particular any RTP 
decisions. (McCrory et al., 2013, p. 557) 
   
While the guidelines did not feel that requiring baseline neuropsychological testing was 
necessary, it was decided it was helpful.  It could be used in evaluating many domains of 
cognitive functioning for documentation of recovery (King et al., 2014).  
Symptom Management 
 The primary intervention in the literature was rest before returning to physical or 
cognitive demands (Grady et al., 2012; Graham et al., 2014; King et al., 2014; McCrory 
et al., 2013; Meehan & O’Brien, 2017).  While the literature was non-conclusive on the 
adequate amount, timing, and effect of rest on recovery after a sport-related concussion, 




First, concussed athletes are usually instructed to avoid any activity that will 
increase their heart rate, as this may worsen symptoms and potentially increase 
recovery time; second, a premature return to contact or collision activities may 
increase the risk of repeat injury. (Graham et al., 2014, p.156)  
 
Generally, symptoms should be managed without medications (McCrory et al., 
2013).  Anti-inflammatory medications are not recommended for headaches in the acute 
phase (Harmon et al., 2013).  If they must be used, it should be for less than three days 
(Sprouse et al., 2016).  An antiemetic is an acceptable treatment for nausea during only 
the first day or two after a concussion (Meehan & O’Brien, 2017).  Instead of 
medications, a quiet, dim, therapeutic environment is suggested for those experiencing 
increased sensitivity to light and noise (Meehan & O’Brien, 2017).  Sleep disturbances 
should also be managed without medications and with proper sleep hygiene (Harmon et 
al., 2013).  Low-level exercise has been shown to be beneficial but the appropriate timing 
of it remains unknown (McCrory et al., 2013).  Alteration in mood has been found to be a 
common symptom.  “Neuroimaging studies using fMRI suggest that a depressed mood 
after a concussion may reflect an underlying pathophysiological abnormality consistent 
with a limbic-frontal model of depression” (McCrory et al., 2013, p. 559).  
Antidepressant therapy and/or cognitive therapy may be considered if symptoms persist 
beyond 6 to 12 weeks (level of evidence C; Harmon et al., 2013).  It is important to note 
that evaluation for return-to-play can only occur once the athlete is symptom free and not 
taking any medications (McCrory et al., 2013).   
 Balance dysfunction and vertigo are important symptoms that require further 
evaluation (Harmon et al., 2013).  While certain medications are typically beneficial, it is 
recommended that they be used cautiously in the concussed athlete.  Such medications 




2013).  Evidence is limited but Harmon et al. (2013) recommended vestibular therapy be 
considered for treatment of vertigo or dizziness.  Furthermore, a referral to physical 
therapy might be beneficial for monitoring the injured athlete (Sprouse et al., 2016).  In 
cases of persistent symptoms, a referral needs to be considered.  Meehan and O’Brien 
(2017) conducted a randomized-controlled study of 49 adolescents that evaluated the 
effects of a multidisciplinary treatment approach with cognitive-behavioral therapy and 
psychopharmacology treatment at six months as compared to usual treatment.  Significant 
decreases in depression and post-concussive symptoms were found in their results: an 
87% reduction vs. 58% reduction in post-concussive symptoms and 78% vs. 46% with 
more than or equal to 50% reduction in depression symptoms.  Statistical analysis 
information was not reported (Meehan & O’Brien, 2017).   
Return-to-School 
 There are currently no standardized guidelines for returning to school (Harmon et 
al., 2013).  However, school work might increase the metabolic demands on the injured 
brain at a time when it is vulnerable (Grady et al., 2012).  Evidence showed resolution of 
neurocognitive impairments might take longer than physical symptoms (Graham et al., 
2014).  Furthermore, observational studies have shown worsening of symptoms could 
persist from cognitive overextension (Meehan & O’Brien, 2017).  In one study of 
students who exerted themselves cognitively after a concussion, 80% of the 72 students 
reported worsening of symptoms one month after the injury (Meehan & O’Brien, 2017).  
In another small observational study, resting from cognitive demands for at least one 
week along with physical rest from 1 to 30 days after the injury was associated with 




2012).  Moser and Schatz (2012) found those athletes who cognitively rested for at least a 
week showed significant improvement on a concussion symptoms scale and 
neurocognitive tests even if it was prescribed weeks to months after the injury.  However, 
other studies have shown little to no benefit on recovery length with rest (Graham et al., 
2014).  Worsening of symptoms has been found in studies with strict rest as well.  In one 
study, longer periods of strict cognitive rest were correlated with worsening of daily post-
concussive symptoms when compared to usual care (Meehan & Bachur, 2015).  Five 
days of strict rest were associated with a slight increase in duration of symptoms but were 
not significant; the median was seven days versus four days (p = 0.08; Thomas, Apps, 
Hoffman, McCrea, & Hammond, 2015).    
 Despite mixed evidence, current guidelines recommend reducing activities that 
exacerbate concussion symptoms.  Reducing screen time, video games, loud music, and 
other activities that require a high level of concentration are endorsed (Meehan & 
O’Brien, 2017).  The CDC (2017) recommends athletes ease back into the demands of 
school; their website has educational resources for schools, administrators, and teachers.  
Grady et al. (2012) recommended that to avoid increased symptoms, the athlete should 
transition back to school gradually after an initial complete brain rest.  Once 
concentration increases to a few hours without any significant symptoms, the progression 
back to school should begin with half-day classes (Grady et al., 2012).  It is important to 
ensure the athlete has extra time for academic demands such as homework, tests, and 
note-taking (Grady et al., 2012).  Returning to school, however, does not clear an athlete 






When evaluating the ability of an athlete to return to activity or cognitive 
demands, medications should be avoided since they might mask neurological symptoms 
(Harmon et al., 2013).  Once the individual is asymptomatic and not taking any 
medications, he/she may gradually return to activities (McCrory et al., 2013).  “In the 
absence of evidence-based recommendations, a sensible approach involves the gradual 
return to school and social activities (before contact sports) in a manner that does not 
result in a significant exacerbation of symptoms” (McCrory et al., 2013, p. 557).  There is 
moderate to strong evidence that ongoing symptoms are associated with ongoing 
cognitive dysfunction and slowed reaction time after sports concussions (Giza et al., 
2013).   
In a prospective, nonrandomized study of 635 high school and college athletes 
with concussion, McCrea and colleagues (2009) found that the more time that 
elapsed between an athlete’s injury and returning to play, the less likely the 
athlete was to have a repeat concussion during the same season. (Graham et al., 
2014, p. 156)   
 
Furthermore,  
there are data demonstrating that, at the collegiate and high school level, athletes 
who were allowed to return to play on the same day demonstrated 
neuropsychological deficits post-injury that may not have been evident on the 
sidelines, and they were more likely to have delayed onset of symptoms. 
(McCrory et al., 2013, pp. 557-558) 
   
Waiting to return to play until asymptomatic and off medications diminishes the risk for 
recurrent injury (Giza et al., 2013).   
Second impact syndrome is a complication that can occur from returning to the 
game too soon after a concussion (Hobbs et al., 2016): 
This syndrome, which is also called ‘diffuse cerebral swelling,’ is thought to 




engorgement and elevated cerebral blood volume, as well as a marked increase in 
intracranial pressure, and ultimately can cause a herniation event resulting in 
coma or death. (p. 7) 
   
The brain needs time to recover from the metabolic changes that occur as a result of a 
concussion (Graham et al., 2014).  A retrospective cohort study (Majerske et al., 2008) of 
95 high school student athletes demonstrated that who engaged in high levels of activity 
after a concussion did not perform as well on neurocognitive testing as individuals who 
engaged in moderate activity such as light jogging.  
The first return to play rule was in 1945 and was known as the “three strikes rule” 
(King et al., 2014).  This rule recommended an athlete be terminated from sport 
participation if they had experienced three concussions (King et al., 2014).  Further 
guidelines expanded this rule with the intention of preventing further injuries and 
cumulative effects from concussions.  In fact, previous Colorado guidelines supported 
return to play the same day as the first concussion when asymptomatic for 20 minutes 
(King et al., 2014).  These original guidelines were based on clinical experience and 
results of devastating events (King et al., 2014).  The CISG more recently determined the 
previous guidelines were not adequate and have published a stepwise return-to-play 
(RTP) protocol to be used in conjunction with symptom and cognitive assessment (King 
et al., 2014).   
The Zurich guideline is widely accepted as the protocol for return-to-play and 
their step-wise protocol is frequently cited (McCrory et al., 2013).  The graduated return-
to-play protocol was designed to allow for adequate time for the brain to heal.  The 
committee decided unanimously at the Fourth International Conference on Concussion in 




et al., 2013).  Aside from risk of re-injury, the rest period is to protect the brain during its 
cerebral vulnerability following a concussion (Graham et al., 2014).  Another aspect of 
the protocol is light aerobic exercise.  While there has been no random-controlled trial 
studying the effects of light exercise on youth, animal studies have shown it to be 
beneficial.  The animal studies suggested it promotes neuroplasticity and neurogenesis 
while decreasing oxidative stress, neuro-inflammation, and cognitive dysfunction 
(Graham et al., 2014).  Table 1 presents a graduated return-to-play protocol. 
 
Table 1  
Graduated Return-to-Play Protocol 
Rehabilitation Stage Functional Exercise at Each Stage 
of Rehabilitation 
Objective(s) of Each Stage 




2. Light aerobic 
exercise 
Walking, swimming, or stationary 
cycling, keeping intensity <70% of 
maximum permitted heart rate; no 
resistance training 
 
Increase heart rate 
3. Sport specific 
exercise 
Skating drills in ice hockey, 






Progression to more complex 
training drills in football and ice 
hockey; may start progressive 
resistance training 
 




After medical clearance, 
participation in normal training 
activity 
Restore confidence and 
assessment of functional 
skills by coaching staff 
 
Return to play Normal game play Normal activity 




The athlete needs to progress through these steps prior to returning to regular 
activity and should not begin the progression until they are asymptomatic and not taking 
any medications (McCrory et al., 2013).  Individuals need to remain at each stage for a 
minimum of 24 hours prior to progressing to the next phase (Meehan & O’Brien, 2017).  
Despite this guide, it is important to handle each case uniquely.  The progression through 
these steps might take days to months (McCrory et al., 2013).  If the athlete develops 
symptoms during any level of increased activity, they need to revert to the previous 
activity level where they need to remain asymptomatic for at least 24 hours (Harmon et 
al., 2013).  
 A more conservative approach for adolescents returning to play has been 
recommended by Sprouse et al. (2016).  In this approach, the return-to-play progression 
begins when the athlete is completely symptomatic free, exhibits a normal neurological 
examination, is back to school full time, and not taking any medication.  Sprouse et al. 
suggested returning to play be supervised by an athletic trainer or physical therapist.  
Furthermore, if symptoms resurface at any stage along the progression, the athlete must 
rest for 24 hours and remain asymptomatic.  The athlete will then resume activity at the 
last stage they were asymptomatic (Sprouse et al., 2016).  Sprouse et al. provided three 
different progressions of returning to play: the first is one that begins after a symptom 
free period of one week, the second begins after symptom free for one to four weeks, and 
the third begins after symptom free for over four weeks.  McCrory et al. (2013) also 
discussed the need for a more conservative treatment for adolescents: “It is appropriate to 
extend the amount of time of asymptomatic rest or the length of the graded exertion in 




discussed.  High school athletes have been found to have a longer recovery time post-
concussion than college athletes (Reddy et al., 2008).  Reddy et al. (2008) demonstrated 
that “high school athletes with less than 15 minutes of on-field symptoms required at 
least 7 days before full neurocognitive and symptom recovery” (p. 263).   
Multiple sources supported the use of a symptom checklist for evaluating 
concussion symptoms.  The CDC (2013) recommended the use of the ACE to evaluate 
diagnosis, symptoms, risk factors, and develop a return-to-play plan for the athlete.  
Harmon et al. (2013) also discussed the need to evaluate cognition and balance to track 
recovery (Level C evidence).  Graham et al. (2014) discussed various tools to track 
symptoms and recovery including the CSI, GSC, PCSS, Health and Behavior Inventory, 
Post-Concussion Symptom Inventory, and the Rivermead Post-Concussion Symptoms 
Questionnaire.  Of the previous tools listed, the Post-Concussion Symptom Scale was 
found to have the strongest data supporting its use in adolescents (Graham et al., 2014).   
Pre-Participation Evaluation 
 The role of pre-participation concussion evaluation was stressed by the Zurich 
Consensus (McCrory et al., 2013) and American Academy of Neurology (Giza et al., 
2013).  An evaluation prior to participation in a sport, as described by McCrory et al. 
(2013), should assess past medical history of concussions and aim to identify athletes 
who might be at higher risk for concussion.  “A history of concussion is associated with a 
2-5.8 times higher risk of sustaining another concussion” (Harmon et al., 2013, p. 18).  
Despite this, the evidence is conflicting regarding if a past concussion is correlated with a 
prolonged length of recovery time (Harmon et al., 2013).  The American Medical Society 




evaluation of concussion along with mood, learning, attention, or migraine disorders 
(Harmon et al., 2013).  The evidence for this is a level C and studies have not been 
completed regarding baseline testing with one of the diagnostic tools (Harmon et al., 
2013).  Despite level C evidence, Harmon et al. (2013) recommended baseline 
neurocognitive testing in high-risk athletes and sports with higher incidence of 
concussions.  This baseline testing might be beneficial in the management of a 
concussion.  Lehman and Carl (2017) recommended a complete neurologic examination 
with cognitive function testing in individuals with a history of concussion.  The presence 
of delayed recovery from concussion should alert a physician to withhold the athlete from 
clearance to play (Lehman & Carl, 2017).   
Complications of Repetitive  
Concussions 
 Second impact syndrome is a complication that can result from a second force to 
the head before adequately recovering from the initial injury (Hobbs et al., 2016).  This 
phenomenon has only been seen in adolescent athletes (Reddy et al., 2008): “Morbidity is 
100% in the case of second impact syndrome, whereas mortality is reported to occur in 
up to 50% of cases” (p. 263).  Furthermore, returning to play too soon predisposes an 
athlete to risk for prolonged severity and duration of symptoms (Hobbs et al., 2016; 
Meehan & O’Brien, 2017).  Strong empirical evidence of the consequences of repetitive 
concussions is lacking (Hobbs et al., 2016).  In fact,  
although high school athletes represent the largest cohort of at risk athletes, there 
is a considerable gap in the literature evaluating potentially persistent cognitive 
and motor performance alterations beyond the acute recovery period in this 





Certain complications have a direct correlation to concussions, whereas others are not 
conclusive.    
 Post-traumatic headaches are extremely common and the risk of epilepsy doubles 
in the first five years after a concussion (Evans, Aminoff, Moreira, & Wilterdink, 2015).  
Post-traumatic vertigo is a complication of concussions that is not well explained by 
studies.  Cranial nerve injuries can occur; their incidence is 0.3% (Evans et al., 2015).   
Based upon animal studies and observational evidence from adult athletes, 
concern exists that young athletes who sustain repetitive head impacts and 
multiple concussions, may be at risk for neurodegenerative disease, such as 
Chronic Traumatic Encephalopathy (CTE) or Alzheimer disease later in life. 
(Meehan & O’Brien, 2017) 
   
Summary and Synthesis  
of Literature 
 This literature review discussed concussion pathophysiology, the definition of 
concussions, and variations in practice.  It further examined guidelines from the CDC 
(2017), AAN (Giza et al., 2013), and the Zurich Consensus (McCrory et al., 2013).  
While these guidelines are similar, variations between them exist.  Furthermore, data for 
the recommendations of each guideline were analyzed.  While the literature established 
the definition of a concussion, signs and symptoms, and diagnosis, confusion regarding 
the most appropriate evaluation tools and management techniques continues to persist.  
The literature supported a need for a consistent approach to evaluation and management 
of a concussed adolescent athlete. 
Since the definition and severity of a concussion have remained misunderstood 
for an extended period of time, care and management for a concussion were not 
evidenced-based.  Since LOC is not a defining characteristic and neuroimaging is not 




understanding of its definition and defining characteristics (King et al., 2014).  The 
provider’s ability to recognize rather vague signs of concussion is very important.  As 
discussed in the literature, many providers were not aware of evidenced-based concussion 
guidelines and even those who were might feel uncomfortable implementing them (Eady 
et al., 2016).  Confusion regarding the most appropriate evaluation tools and management 
techniques persists.  Symptoms are generally categorized into four domains: somatic, 
cognitive, behavioral, and sleep (McCrory et al., 2013).  Fogginess was noted to be a risk 
factor for prolonged or worsening symptoms (West & Marion, 2014).  Headache was 
identified as the most commonly reported symptom (Reddy et al., 2008; West & Marion, 
2014).   
 Diagnosis begins from the time of the injury on the field.  The athlete should be 
removed from play immediately, evaluated, and cleared by a healthcare provider before 
returning to physical or cognitive demands.  One specific diagnostic tool for evaluation 
could not be determined at this time based on the review of the literature.  Despite 
variation between the guidelines, the consensus in the literature was the use of multiple 
evaluation tools greatly increased the sensitivity and specificity for concussion (Graham 
et al., 2014).  Appendix B provides these evaluations tools.  A thorough history of the 
injury, neurological status, balance testing, orientation status, and symptom assessment 
are essential components that need to be addressed by the evaluating provider (Graham et 
al., 2014).  Neuroimaging is only necessary when a more severe injury is suspected 
(McCrory et al., 2013).  Neuropsychological testing is noted to be a very reliable, helpful, 
and accurate method for evaluation and recovery decisions but was not deemed to be 




Rest remains the mainstay treatment and the athlete must not return to play the 
day of concussion.  Strong evidence is lacking regarding how much or what type of rest 
is necessary (Meehan & O’Brien, 2017).  Gradually returning to physical and cognitive 
demands is recommended, especially for adolescents, since it decreases the risk for 
ongoing symptoms and recurrent injury (Giza et al., 2013).  Returning to play and 
returning to school should occur in an incremental fashion once the athlete is symptom 
free and not taking any medication that might mask lingering symptoms (McCrory et al., 
2013).  At this time, strong evidence does not support a specific protocol for returning to 
physical and cognitive demands but evidence for a more conservative approach was 
acknowledged.  Recovery should be evaluated with ongoing symptom scales.  Of the 
tools evaluated in the literature review, the Post-Concussion Symptom Scale has the 
strongest data for use in adolescents (Graham et al., 2014).  Prolonged symptoms of 
greater than 10 days should alert the provider to consider other conditions (Meehan & 
O’Brien, 2017).   
Complications of concussions can occur when the athlete endures another 
concussion while still symptomatic from the initial injury (Hobbs et al., 2016).  However, 
strong evidence regarding the long-term consequences of repetitive concussions is 
lacking (Hobbs et al., 2016).  Pre-participation evaluation before the sport season is 
emphasized as way to evaluate and identify individuals at an increased risk for 
concussions and prolonged recovery time (Harmon et al., 2013).  Baseline neurocognitive 
testing for comparison might be beneficial in concussion management (Lehman & Carl, 




 The literature supported the need for the development of a concussion guideline 
and program to educate providers on concussions.  While there has been a surge in 
research on concussion recently, gaps in the literature exist.  Topics for further research 
include 
• Identification of specific validated tools for evaluation and diagnosis of 
concussion in adolescents. 
• Determination of symptom assessment tool(s) for evaluating recovery. 
• Empirical evidence for amount and type of rest. 
























 The literature supported the need for a clinical practice guideline and algorithm 
for concussion diagnosis and management.  Therefore, the purpose of this capstone 
project was to evaluate the empirical evidence and its applicability for a guideline that 
would address concussion diagnosis, evaluation, and management.  Furthermore, it was 
created for the primary care providers at Sunrise Kids Care Clinic.  The evidenced-based 
guideline was developed with expert consensus and the literature.  The anticipated benefit 
was improved adherence to evidenced-based literature in caring for concussions in 
adolescents.  Anticipated long-term outcomes were decreased incidence of second-impact 
syndrome and decreased prevalence of long-term sequelae from repeat concussions.  
Project Objectives 
Accurate diagnosis and management of adolescents with a sports-related 
concussion is an essential component of primary care practice.  The long-term goal is to 
prevent further damage and decrease the likelihood of second-impact syndrome after a 
concussion has been endured by an athlete.  Objectives for this capstone project entailed 
the creation of a concussion guideline and algorithm to aid providers at Sunrise Kids Care 




of a sports-related concussion.  Specific objectives for this capstone project were as 
follows: 
1. Gained knowledge regarding current practices in concussion evaluation and 
management  
• Surveyed current providers’ practices at Sunrise Kids Care Clinic (the 
organization).  
• Obtained and evaluated the most current concussion guideline 
recommendations and applicability to the population in the care 
setting. 
• Surveyed expert panel’s opinions and knowledge regarding concussion 
diagnosis and management utilizing the Delphi method.  
2. Developed concussion guideline and algorithm for medical providers.   
• Guideline included signs and symptoms, evaluation, diagnosis, tools, 
symptom assessment, and management of concussed adolescent 
athlete.  Protocol was developed for return-to-play and return-to-learn 
activities.  
• Developed step-wise algorithm for concussion diagnosis and 
management. 
3. Presented concussion guideline and algorithm to primary care providers at 
Sunrise Kids Care Clinic.  This guideline will not be physically 






• Evaluated provider’s learning with a pre- and post-test. 
• Evaluated likelihood the providers would implement the presented 
guideline. 
Congruence with Organization’s Strategic  
Plan to Project 
This quality improvement project took place at a pediatric care clinic that focuses 
on population health.  Sunrise Kids Care Clinic is a satellite of Sunrise Community 
Health--a non-profit, patient-centered care organization that serves the community at 
affordable costs.  The mission of Sunrise Community Health (2016) is “Supporting the 
health of individuals, families, and our community through affordable, integrated, quality 
care and organization” (para 1).  The organization integrates care amongst primary care 
services and serves all individuals, regardless of their ability to pay.  The strategic plan 
includes maintaining a healthy community, containing costs, and ensuring quality health 
care for its community members (Sunrise Community Health, 2016).   
This capstone project assisted providers in the diagnosis and management of 
sports-related concussions as the organization moves forward with their strategic plan.  It 
was in alignment with both the mission and strategic plan.  Each element of the strategic 
plan was reflected in this capstone project.  Maintaining costs, improving quality, and 
ensuring the health of the community are important aspects of care for Sunrise 
Community Health (2016) and this capstone project was in alignment with each one of 
those values.  The goal of maintaining a healthy community might be improved and 







Evidenced-Based Project Plan 
Upon analysis of the literature, it became evident a significant need for a 
concussion guideline and algorithm existed.  Furthermore, a concussion guideline could 
increase the quality of care by aiding providers in proper diagnosis and management of 
adolescents with sport-related concussions.  This capstone project translated the highest 
quality evidence into practice through the creation of a guideline and algorithm.  The 
appraised literature served as the basis for input from an expert panel for the creation of 
such a guideline.  The Delphi survey method was selected as the method for determining 
consensus of expert opinions.  This guideline and algorithm were then delivered to the 
providers at Sunrise Kids Care Clinic during an educational in-service.   
The Delphi survey method was used to gather expert opinions and achieve 
consensus amongst professionals through a multistage process of data collection with a 
series of questionnaires (Hasson, Keeney, & McKenna, 2000).  It is useful for areas 
where insufficient or conflicting information exists.  It is a popular technique in medical, 
nursing, and health services (Hasson et al., 2000).  Purposive sampling was utilized 
wherein the participants were not random but chosen by the researcher (Hasson et al., 
2000).  Therefore, the participants were quasi-anonymous as they were known to the 
researcher and perhaps one another but their responses, opinions, and judgments 
remained completely anonymous and confidential (Hasson et al., 2000).  Participants for 
the survey included eight individuals who were termed experts.  These experts were 




For this project, they were nurse practitioners, medical doctors, and psychologists who 
had experience caring for adolescents with sports-related concussions.  
The survey method process involves multiple rounds of questionnaires to achieve 
consensus on opinions (Hasson et al., 2000).  This capstone project involved two rounds.  
The initial questionnaire allowed for anonymous qualitative responses from the panel 
(Hasson et al., 2000).  From these responses, the researcher analyzed, consolidated, and 
summarized the information.  Central tendencies were computed to determine collected 
opinions so the participants could see how their responses compared to the group’s 
responses (Hasson et al., 2000).  The amended version and central tendencies were then 
returned to the participants for the second round of the survey.  The second round 
allowed the researcher to ascertain consensus opinions and collect quantitative data 
collection on topic themes (Hasson et al., 2000).  A 70% agreement level amongst the 
participants on each theme was required for consensus (Hasson et al., 2000).   
Phases of Project Plan 
Phase one.  Phase one entailed the completion of a thorough literature review, a 
needs assessment, and the development of the capstone proposal.  Upon completion of 
the literature review and a successful proposal of the first three chapters, the next steps 
included approval from the University of Northern Colorado’s IRB (see Appendix A), 
along with coordination with stakeholders at the clinic and the professionals of the expert 
panel.  Following these steps, a needs assessment was completed to gather information 
regarding current practices at the clinic.   
This needs assessment was completed with an electronic survey of the six primary 




medical doctors, physician assistants, and nurse practitioners who received the survey 
consisting of an open-ended questionnaire.  Providers’ current practices were determined, 
which allowed for examination of their disparities and/or similarities in practice.  Current 
practices at the clinic were analyzed and compared to the recommendations from the 
literature.  Gaps and/or similarities between the literature and practice were identified and 
described.  
Phase two.  Phase two was the development of the clinical practice guideline.  As 
discussed above, the Delphi survey method was employed to determine medical experts’ 
consensus on the necessary components of the guideline.  Literature the author deemed 
applicable to the Sunrise Kids Care Clinic served as the basis for the first round of survey 
questions (see Appendix C).  Responses from the first round formulated questions for the 
second round and a consensus level of 70% was achieved amongst the experts (see 
Appendix D).  Components of the guideline as determined by the expert panel included 
(a) pre-participation counseling, (b) diagnostic signs and symptoms of concussion, (c) 
initial medical assessment, (d) best diagnostic tools for evaluation, (e) symptom 
management, (f) return-to-play and return-to-school protocols, and (g) symptom checklist 
for evaluating neurological status/recovery.  These expert opinions were derived from 
physicians, nurse practitioners, and psychologists involved in the diagnosis and 
management of concussions in adolescents.   
Phase three.  Phase three was the plan for implementation.  The guideline and 
algorithm were presented to the providers at Sunrise Kids Care Clinic during an 
educational in-service.  Pre- and post- tests were administered directly before and after 




diagnosis and management.  Methods used in the presentation included a PowerPoint 
presentation and handouts.   
Phase four.  Phase four was the analysis of the stakeholders’ (providers) pre- and 
post- tests from the educational in-service.  The providers also rated their likelihood of 
implementing the presented guideline.  If the guideline were to be physically 
implemented in the future, this phase would also include disbursement of the clinical 
practice guideline to the providers at Sunrise Kids Care Clinic for review and 
modification.  The providers could then offer valuable information on the feasibility of 
the guideline at their clinic.  Furthermore, a pilot study could be implemented.  The 
review of the guideline and pilot study did not take place in this capstone project.  
Project Timelines 
 The researcher utilized the following timeline for the capstone project: 
• Approval of phenomenon of interest—Spring 2017 
• Defense of first three chapters of capstone proposal; IRB approval from 
University of Northern Colorado and Sunrise Kids Care Clinic (see Appendix 
A); and coordination with stakeholders at Sunrise Kids Care Clinic and expert 
panel members—June 2017-August 2017 
• Needs Assessment completed (see Appendix E); initial round of Delphi 
survey questionnaire sent to panel of experts (see Appendix C); evaluated, 
analyzed, and summarized literature and panel of experts’ opinions—
September 2017 
• Second round of Delphi survey questionnaire sent (see Appendix D); 




development of plan for implementation for educational in-service—
September 2017-October 2017 
• Educational in-service took place; analyzed results of pre- and post-tests—
October 2017 
• Submission of capstone project to University of Northern Colorado; final 
defense of capstone project; thank-you letters sent to participants containing 
summary of results—November 2017. 
Resources: Budget, Setting, Personnel,  
and Technology 
This researcher’s efforts and time were the main resource for this project.  The 
time coordinating with stakeholders, creating the project, implementing the survey, 
analyzing results, and developing the guideline and algorithm were crucial to the success 
of the project.  Furthermore, transporting to Greeley from Denver, copying, printing, and 
use of computer technology were vital resources.  Approval from the medical staff and 
leadership at Sunrise Kids Care Clinic was completed with a statement of mutual 
agreement signed by this Doctor of Nursing Practice (DNP) student, agency member, and 
DNP capstone chair.   
The setting for this capstone project implementation was Sunrise Kids Care Clinic 
located in Evans, Colorado, on the school grounds of Centennial Elementary School.  
Since the clinic is independent from the school system, approval from the school board 
was not necessary.  The office is composed of six primary care providers along with a 
counselor, outreach coordinator, and a dental hygienist.  Services at the clinic include 
well-child visits, school and sports physicals, sick visits, vaccinations, dental visits, 




Community Health, 2016).  In 2015, the clinic saw 740 patients and 2,210 visits were 
completed (Sunrise Community Health, 2016). 
Financial resources were not considered significant for this capstone project.  The 
Delphi survey was completed electronically to ascertain expert consensus and did not 
require financial resources.  The professional’s time was considered; for this reason, only 
two rounds of the survey were completed.  This researcher synthesized the responses to 
determine consensus, pertinence, feasibility, and applicability to the setting.  The 
guideline was then presented during lunch hour in a free educational in-service at the 
clinic.  The researcher provided the PowerPoint presentation and written material.  Time 
for the educational in-service and completion of pre- and post-tests were not considered 
burdensome since the clinic does not see patients during the lunch hour.  Necessary 
technology included a computer and projector.  Other resources included adequate space 





















 The purpose of this DNP capstone project was to enhance the quality and 
consistency in the diagnosis, evaluation, and management amongst primary care 
providers treating adolescents who present with a sports-related concussion.  This was 
achieved with the development of an evidenced-based concussion guideline and 
algorithm along with a presentation during an educational in-service for primary care 
providers.  Extensive research along with expert opinions delineated the components of 
the guideline and algorithm.  
Sunrise Kids Care Clinic does not currently have a guideline in place to assist 
providers in the proper evaluation and management of concussions.  As evidenced by the 
literature, some specific diagnostic tools have substantially higher specificity and 
sensitivity for concussions than other tools.  Thus, a step-wise return-to-play and return-
to-learn protocol should be implemented for the recovering athlete.  Unfortunately, as the 
literature depicted, poorly managed concussions can lead to detrimental effects and long-
term neurological conditions.  The following sections review the evidenced-based 
evaluation methods for each of the three objectives described in Chapter II.  
Objective One 
 Objective one was to gain knowledge regarding current practices in concussion 




(a) a needs assessment was completed; (b) the literature was critically appraised; and (c) 
surveys of experts assisted in determining the best practices and applicability for the 
specified organization.  Since the clinic does not currently have a guideline in place, a 
survey was electronically sent to the providers to ascertain their current practices.  It 
consisted of open ended questions developed by the researcher.  Analysis of their 
responses revealed consistencies and/or differences between the provider’s practices.  
The responses to the questionnaire were then be compared to the published literature.  
The literature deemed to be high-quality, along with the responses, helped identify areas 
needing clarification for the creation of the guideline  
The first round of the Delphi survey method was then used to gather the experts’ 
opinions on the necessary components of the guideline (see Appendix C).  The RE-AIM 
framework (reach, effectiveness, adoption, implementation, and maintenance) assisted in 
evaluating the essential elements for practice, feasibility of practice changes, barriers to 
adoption, adaptations necessary for the target audience, and the feasibility of maintenance 
over time (Schwingel, Gálvez, Linares, & Sebastião, 2017).  This RE-AIM framework 
and literature review served as guides for the questions.  These questions were developed 
by the researcher since the needs of the organization were unique.  This first round 
allowed for insight into concussion diagnosis and management and also the feasibility 
and probability of adopting various components of the guideline into practice at Sunrise 
Kids Care Clinic.  For instance, two areas of importance were keeping costs at a 
minimum and ensuring timeliness.  Therefore, the clinical practice guideline was based 




The responses from the first round were used for the second round of the Delphi 
method in order to obtain a 70% consensus level amongst the experts (see Appendix D).  
The final results from the second round of the Delphi method were compared to the 
findings from the literature review.  Analysis of the comparison allowed for the creation 
of the guideline and algorithm.  
Objective Two 
Objective two was the development of the concussion guideline and algorithm for 
primary care providers.  This was generated from the information collected from the 
needs assessment, literature, and Delphi survey method.  At the time of the post-test, the 
providers were asked to rate their likelihood of utilizing the guideline and algorithm by 
circling “Yes” or “No.”  The number of “Yes” responses were totaled and compared to 
the number of “No” responses to determine the group’s likelihood.  Furthermore, 
recommendations for modifications were asked in an open-ended question format.  
Objective Three 
Objective three was the presentation of and education on the concussion guideline 
and algorithm to the primary care providers at the organization.  Pre- and post-tests were 
administered to evaluate their knowledge both before and after the educational in-service.  
The questions were developed by the researcher and consisted of a combination of 
multiple choice and true/false.  The questions evaluated the providers’ knowledge of 
concussions both before and after the educational in-service.  The tests were scored and 
compared to one another to evaluate knowledge gained from the in-service.  The mean 




determine if the intervention of the educational in-service resulted in increased 
knowledge of the providers.. 
Implementing the guideline and algorithm into practice was not part of this 
project.  However, if the facility chose to implement in the future, it would be beneficial 
for the providers to evaluate the guideline using the RE-AIM framework (Schwingel et 
al., 2017) so they could evaluate its suitability to their practice setting, population, and 
needs.  A pilot study would be beneficial in evaluating pros and cons to the new 
guideline.  Additionally, it would also be prudent to perform a retrospective chart review 
that compared practices before and after the implementation of the guideline.  Finally, 














RESULTS AND OUTCOMES 
 
 
The primary goal of this DNP capstone was to create a guideline for the diagnosis 
and management of sports-related concussions in adolescents.  As the literature review 
demonstrated, various guidelines are available and providers might be practicing outdated 
or non-evidenced-based practices.  Creating a guideline to follow in the clinical setting 
establishes uniformity and ensures adherence to evidenced-based practices in the 
literature.  The first objective of this capstone project was to gain knowledge regarding 
current practices in concussion evaluation and management at Sunrise Kids Care Clinic.  
The second objective was the development of a concussion guideline and algorithm for 
primary care providers at Sunrise Kids Care Clinic.  The third objective was the delivery 
of the guideline in the form of an educational in-service at the clinic.  The likelihood the 
providers would implement it in the future was also evaluated during the educational in-
service.   
Objective One Outcomes 
The first objective was met through the following methods: (a) a thorough 
literature review, (b) a needs assessment, and (c) the first round of the Delphi survey.  
The review of literature from Chapter I provided important information regarding current 
evidence for concussion diagnosis, evaluation, and management.  It also allowed the 




research and clarification.  This literature review fulfilled the second step of the Stetler 
(2001) model--validation.  The literature also served as a guide for the development of 
questions in the Needs Assessment survey, thereby ensuring quality and adherence to 
evidence-based practices.  The Needs Assessment allowed for completion of the third 
step of the Stetler model--comparative evaluation/decision-making.  To assess current 
practices and the feasibility of implementing this quality improvement project, current 
practices at Sunrise Kids Care Clinic were evaluated through a Needs Assessment online 
survey of the providers.  Once this survey was completed, the Delphi survey ensued to 
gain expert opinions regarding concussion diagnosis and management.  The first round of 
the Delphi survey also aided in fulfilling the third phase of the Stetler model.   
Needs Assessment Survey 
The author developed the questions for the Needs Assessment survey based on 
evidence found in the literature.  The purpose of the survey was to gain insight into 
current practices at Sunrise Kids Care Clinic.  The Needs Assessment also allowed the 
author to evaluate providers’ similarities and differences in practice and how they 
compared to published literature.  Consent for participation was obtained and is provided 
in Appendix G.  The survey was made available for 10 days on the online survey 
platform of Survey Monkey.  
Four open-ended questions were asked to gain descriptive, qualitative data.  The 
questions were directed at evaluating the practices of concussion diagnosis, evaluation, 
and management.  The respondents included providers and the office manager from the 
Sunrise Kids Care Clinic.  The office manager, who is a registered nurse, was included in 




original seven individuals invited to participate in the survey, four responded—an overall 
response rate of 57%.  Of the four respondents, three were female (75%) and one was 
male (25%).  Those invited to participate included three Medical Doctors (MDs), two 
Physician Assistants (PAs), one Nurse Practitioner (NP), and one Office Manager.  The 
respondents included the two PAs (50%), one NP (25%), and one Office Manager (25%).  
No other demographic information was collected.   
Responses to question one: Could you tell me about how you diagnose an 
adolescent with a concussion?  Responses to this question both varied from one another 
and shared a few overlying themes.  Three individuals (75%) mentioned the history and 
two of them mentioned the SCAT tool; however, there are different versions of it.  None 
of the respondents mentioned diagnostic imaging.  Three individuals (75%) mentioned 
evaluating symptoms but no specific types or domains of symptoms.  The participants’ 
individual comments to the question are as follows: 
• I try to take the best history I can, regarding the mechanism of injury, and 
any symptoms that happened at any time after. I use the SCAT2 to guide 
some of my questions (Participant #1). 
• Mainly by the history of the injury and subsequent symptoms (Participant 
#2). 
• Providers have a protocol they use (Participant #3). 
• I use the history of the incident, physical/neuro exam, which includes using 
a SCAT3 tool if symptoms lasted less than 10 minutes from time of incident 
and no further symptoms since, then this may be a concussion but minor.  If 
the patient has ever had a concussion in the past this also plays a factor in 
diagnosing a concussion (Participant #4). 
 
 Responses to question two: How do you evaluate the signs, symptoms, and 
severity of an adolescent suspected of having a concussion?  Respondents’ answers to 
this question also had some similarities and differences.  Three of the participants (75%) 




the exam to include.  Participant #1 and Participant #4 mentioned the use of the SCAT2 
and SCAT3 for evaluating signs, symptoms, and severity of a concussion.  It is important 
to note the SCAT2 and SCAT3 are very similar but differ in some aspects.  They both 
include a symptom evaluation section, a cognitive assessment (Standardized Assessment 
of Concussion-SAC), a Glasgow Coma Scale (GCS), and upper limb coordination testing 
(SCAT2; Pocket SCAT 2, 2009).  The SCAT3 (CISG, 2013) further includes neck 
examination, lower limb balance testing with the modified Balance Error Scoring System 
(BESS), and a memory section.  The two tools can be found in Appendix H.  Participant 
#1 and #2 stressed evaluating the history to assess the symptoms; see following 
individual responses: 
• I do a full physical including a full neurologic exam.  I also usually do a 
SCAT2 exam, depending on the age of the patient. The symptoms are 
evaluated by the history (Participant #1). 
• By taking a good history of the injury and doing a thorough neurologic 
exam (Participant #2). 
• Concussion assessment (Participant #3).  
• Physical, neuro exam, and use of SCAT3, no routine neuro imaging 
(Participant #4). 
 Responses to question three: What restrictions do you place on the concussed 
adolescent athlete?  This question aimed to determine restrictions providers currently 
placed on the adolescent athlete.  The literature varied immensely when it came to this 
topic.  While the goal was to determine if providers restricted adolescents’ activities 
and/or school participation, it also elicited responses regarding returning to play and 
school.  Participant #1 mentioned the importance of being symptom-free for at least 24 
hours before following the return-to-play protocol.  While Participants #2 and #4 also 




rest period needed.  Participant #4 also mentioned both school and sport holds, whereas 
Participant #1 mentioned academic restrictions/accommodations but not a hold.  
Participant #4 was the only one to mention light aerobic activity.  Respondents’ 
individual responses were as follows: 
• I do not allow them to return to any sports activity until they are symptom 
free for at least 24 hours; then they must follow the step-wise return-to-play 
protocol which takes a minimum of 5 days.  Sometimes they must have 
academic restrictions/accommodations as well (Participant #1).  
• I have them follow the Children’s Hospital return-to-play guideline.  No full 
return to play until symptom free (Participant #2). 
• Depends on severity of concussion (Participant #3). 
• School and sport hold, return to school before return to sport with light 
aerobic exercise ok while completing return to school.  The return to sports 
is a six-level return based on Children’s Hospital’s recommendations.  
Return to school is also gradual and based on patient’s symptoms 
(Participant #4).  
 
Responses to question four: How do you manage recovery? How about 
returning to sports/activities?  Question four was similar to question three; instead of 
determining restrictions placed on the concussed individual, the intent was to determine 
how the providers managed adolescents returning to sports, school, and activity.  The 
question also aimed to determine how the providers evaluated symptoms throughout the 
patient’s recovery.  Participants #4 and #1 mentioned evaluating symptoms in the clinic 
for progress but did not mention which scale or assessment they used to do so.  
Participant #2 was the only one to mention including fluids along with rest for 
management.  Three of the four respondents included some sort of stepwise return-to-
play protocol.  The providers’ responses were as follows: 
• As mentioned in the prior question, I follow the stepwise return-to-play 
protocol and have them follow up routinely, with frequency based on 




• I have them focus on rest and fluids.  It is rare that I see anyone who needs 
“academic rest.”  Again I have them follow The Children’s Hospital return-
to-play guideline (Participant #2).  
• Depends on child/severity of concussion (Participant #3).  
• Frequent evaluations in clinic for progress, return to school must be 
completed prior to returning to sports.  Each level of return to sports must be 
at least 24 hours and asymptomatic.  If any return of symptoms, drop back a 
level for another 24 hours before progression.  Also get behavioral health 
involved if lasting more than a week.  If symptoms last longer than one 
month, referral to concussion specialists (Participant #4).  
 
Round One of the Delphi Survey 
The purpose of the first phase of the Delphi survey was to gain opinions of 
experts regarding essential components for the concussion guideline and algorithm.  The 
Delphi survey is a method of gaining consensus amongst professionals in areas of 
insufficient or conflicting information (Hasson et al., 2000).  As is often the case in the 
Delphi survey, the first round of this project involved collecting qualitative comments 
(Hasson et al., 2000).  The questions for the survey were developed by the author using 
evidenced-based information gained from the literature review as well as responses 
gathered from the Needs Assessment questions.  The RE-AIM framework also served as 
a guide for the questions asked (Schwingel et al., 2017).  Phase III of the Stetler (2001) 
model (2001), which is comparative evaluation/decision making, was also fulfilled 
through the completion of the first round of the Delphi Survey. 
 The first Delphi survey was made available from September 6 to September 21 on 
the SurveyMonkey online platform.  The questions developed by the author aimed to 
determine experts’ opinions regarding concussion diagnosis, risk factors for prolonged 
symptoms, managing recovery, and referrals.  Furthermore, managing time within the 




Of the nine individuals who were invited to participate, five (55.5%) responded to 
the first round of questions.  Those invited to partake included two psychologists, three 
physicians, and four nurse practitioners.  Two physicians (40%), one psychologist (20%), 
and two nurse practitioners (40%) responded.  Disciplines represented included experts in 
concussions and family medicine.  The psychologists were invited to participate since 
they are specialists in concussion care.  No other demographic information was collected 
from the respondents.  The survey was originally set to be closed after just nine days but 
due to requests, it was kept open for an additional five days.  The original email inviting 
participants was sent on September 6th and a reminder email was send on the 13th.  All 
responses were received by September 21st.  An informed consent for participation was 
provided with the first survey (see Appendix G).   
 Responses to question one.  The first part of question one stated: Is there a tool 
that you recommend for evaluation and diagnosis of an adolescent athlete suspected of 
having endured a concussion?  Responses to this part of the question varied.  The 
literature was unclear regarding a specific tool to utilize for diagnosis and each of the 
published guidelines reviewed varied in their recommendations.  The same was true for 
the respondents in the survey.  Three respondents recommended the SCAT tool (60%), 
one recommended the ACE (20%), and another did not recommend any one specific tool 
(20%).  Although three individuals recommended the SCAT, two of them recommended 







Responses to Question One of Delphi Survey Round One 
Participant Answer 
1 A) Yes, I use the ACE--Acute Concussion Evaluation form.  
B) Mechanism of injury--any LOC/amnesia/seizure, red flags, prior 
concussion history, prior headache history 
 
2 A) SCAT 5 and Child SCAT 5 can be helpful for the symptoms scale. Has 
mental status testing, but not well validated. 
B) Vestibular and oculomotor screening, c-spine assessment, discussion of 
sleep hygiene and headache pattern. 
 
3 A) Within 3-4 days of injury, the SCAT5 would be very good to use, and 
fits into a short appointment slot. 
B) Symptoms, neuro exam, including vestibular-ocular-movement 
screening. 
 
4 A) I like the SCAT 2. 
B) Balance, recall. 
 
5 A) No, there is no number 1 tool. A good evaluation requires a medical 
history, medical rule outs, a symptom checklist, a mental status screen 
of some sort, often a neurocognitive, balance evaluation, oculomotor, 
vestibular evaluation. 
B) In my opinion, the oculomotor and vestibular issues complicate the 




 When comparing various responses to question one, it became apparent the author 
needed to reevaluate the similarities and differences between the SCAT and the ACE 
tools.  The literature review included information on the SCAT3 but not the SCAT5 or 
SCAT2.  The SCAT5 was not published until April of 2017 (Davis et al., 2017) so its 
normative data are limited.  Participant #2 had mentioned this in the response as well.  It 
was important, however, to evaluate the components of the SCAT2, SCAT3, and SCAT5 




SCAT5 is similar to the SCAT3 but differs by including the following additional 
sections: red flags, observable signs, cervical spine assessment, and specific neurological 
screen (Davis et al., 2017).  It includes all of the other sections of the SCAT3 as well 
including the GCS, memory assessment with Maddocks questions, symptom evaluation, 
background information, cognitive assessment, balance examination, and delayed recall 
(CISG, 2013; Davis et al., 2017;).  It does not include testing upper limb coordination 
(Davis et al., 2017).  Furthermore, the SCAT2 does not include a background information 
section, neck evaluation, or red flags section (Pocket SCAT2, 2009).  A copy of each tool 
is included in Appendix H.  The ACE, as discussed in the literature review, also included 
a symptom check list, red flags, a history section that reflected risk factors for protracted 
recovery, and a history of the injury section (Gioia et al., 2008).  While Participant #5 did 
not suggest a specific tool, the responses reflected many components of the SCAT.  
Therefore, it was decided to ask participants if they would agree with the components of 
the SCAT for the second round of the Delphi survey.   
 The second part of question one asked: In a short appointment slot, what are the 
most important aspects to evaluate when a concussion is suspected?  In evaluating this 
second part of the question, four of the five respondents (80%) mentioned the importance 
of evaluating the vestibular and oculomotor system.  Headaches were mentioned by two 
of the participants (40%).  Other important aspects mentioned by the participants to 
evaluate included cervical spine assessment, neuro exam, symptoms, balance, and recall.   
 Responses to question two: What are the most significant risk factors for 
prolonged recovery?  Respondents’ answers to this question had many similarities and 




participants (60%) mentioned amnesia as a significant risk factor for prolonged recovery.  
As discussed in the literature review, amnesia is a sensitive indicator of concussion 
severity (Harmon et al., 2013; King et al., 2014).  Prior concussion history was 
mentioned by four of the respondents (80%).  Migraines or headaches were mentioned by 
four of the five participants (80%).  Dizziness was mentioned by two of the participants 
(40%).  Premature returning to sport was mentioned by two of the five participants 
(40%).  Attention or mood disorders was also mentioned by three of the five participants 
(60%).  Each of these symptoms was mentioned in the literature review in Chapter I as 
important symptoms that might place athletes at risk for delayed or prolonged recovery.  
Interestingly, only one participant mentioned loss of consciousness.  Individual responses 
are provided as follows: 
• LOC, associated amnesia, too soon return to play, prior concussion history, 
underlying migraines (Participant #1). 
• Dizziness, amnesia, and severe symptom burden at the time of injury. 
History of ADHD, LD, migraine, or mental health issues. Past concussions, 
especially more recent injuries within the past year (Participant #2). 
• Past history of migraines, depression, anxiety, ADD, ADHD, vision 
abnormalities, prior concussion, with prolonged recovery (Participant #3). 
• Returning to activity too soon, delayed diagnosis, repeat injuries (Participant 
#4). 
• Research shows the concussion modifiers are: past concussion, headaches, 
family history of headaches, learning or attentional problems, mental health 
issues. There is some thinking that sideline dizziness and amnesia suggest 
prolonged recovery. Emotional symptoms are concerning (Participant #5). 
 
Responses to question three: What do you recommend for amount of rest?  
The responses to question three varied tremendously.  This was somewhat expected since 
the literature was highly variable when it came to the amount of rest necessary (Meehan 
& O’Brien, 2017).  The overarching theme from the participants’ responses was an 




of rest, whereas another stated maximize rest for the first few days.  Another theme was 
reintroducing activities as tolerated.  Individual comments to the question were as 
follows: 
• Individualized based on scores, usually no sports and reevaluate in seven 
days.  Usually half day of school if having headaches and advance to full 
days when no headache.  Return with half days, no TV, video games, or cell 
phone use for a week and re-evaluate (Participant #1). 
• No strict rest.  Rest as needed, start symptom limited daily activities as soon 
as tolerated (Participant #2). 
• Up to 72 hours of cognitive and physical rest, then increase ADLs and 
return to school with adjustments to help keep from symptom exacerbation 
(Participant #3).  
• Not a set time but until symptoms have cleared (Participant #4). 
• Maximize rest for the first few days and then gradual re-introduction of 
activities at low levels (a little bit of TV, texting, reading).  Research shows 
that being too rigid with the rest recommendation delays recovery 
(Participant #5). 
 
 Responses to question four: What do you recommend regarding aerobic 
activity?  While the answers had slight variations from one another, most of the 
participants (80%) discussed the need to limit activity for at least the first week and then 
begin light aerobic activity after the initial rest period.  All of the participants (100%) 
stressed the importance of symptom evaluation when determining aerobic activity 
tolerance.  They also all mentioned light cardio or a gradual return to aerobic activity.  
One participant mentioned the need to restrict activity to only walking, whereas another 
mentioned 10-15 minutes of light cardio per day but did not specify the type.  Another 
participant also stressed that light cardio should only be done at home and never at 
school.  Two of the participants (40%) also mentioned restricting activity in those with 
significant vestibular dysfunction.  Individual responses were as follows: 
• No aerobic activity for 7 days and reevaluate gradual return- if no symptoms 




• Begin gradual symptom limited cardio exercise one to two weeks post 
injury, may need to restrict to only walking in the patient with significant 
vestibular dysfunction.  For those with prolonged recovery may be best to 
have an assessment and subsystem threshold exercise with a PT experienced 
in concussion recovery (Participant #2). 
• Around 7-10 days ask patient to start light cardio, gradual, 10-15 minutes 
per day and increase to sub symptom exacerbation threshold (Participant 
#3). 
• May return to light aerobic activity when symptoms are improving, do not 
have to be resolved (Participant #4).  
• Light cardio at home only, never at school after the first week, if there are 
not significant vestibular issues (Participant #5). 
 
 Responses to question five: At what point should a referral to physical 
therapy and/or vestibular therapy be considered?  This question aimed to determine 
when a referral to physical therapy and/or vestibular therapy should be considered in the 
recovery.  Two of the participants (40%) mentioned a referral to physical therapy or 
vestibular therapy early on in the post-injury time window.  On the other hand, 
Participant #1 mentioned rescanning the brain with a CT or MRI after 10-14 days if 
symptoms persisted and then refer only if negative.  Interestingly, Participant #2 
mentioned the need for physical therapy in those individuals with neck pain and any 
persistent headache.  Individual responses were as follows: 
• If persistent dizziness or headache after 10-14 days, I usually get a CT or 
MRI and if negative may then refer to PT/OT (Participant #1). 
• Very dizzy patients or those with significant visual complaints should be 
referred for vestibular therapy ASAP.  Those with neck pain should have 
manual PT referral ASAP.  Any patient with persistent headache needs a PT 
evaluation of the neck.  Those with positive vestibular/oculomotor screens 
after two to three weeks should go to vestibular therapy (Participant #2).  
• If at one week out if having persistent symptoms, especially if dizzy, severe 
headache, lightheaded, or risk factors (Participant #3). 
• When symptoms are not improving or course of recovery is prolonged 
(Participant #4). 






 Responses to question six: How should symptoms be evaluated, and at what 
frequency?  As discussed in the literature review, various tools for symptom evaluation 
exist but confusion persists regarding the most appropriate ones and at what frequency.  
Therefore, this question aimed to determine how symptoms should be evaluated, by 
whom, and at what frequency.  None of the participants suggested symptoms should be 
evaluated daily.  Participant #2 mentioned the importance of documenting recovery every 
few days “but not daily as this may cause them to hyper-focus on their symptoms.”  Two 
of the participants (40%) suggested following up in the clinic at least once a week.  
Participant #3 suggested the school nurse, athletic trainer, or parents evaluate the 
symptoms multiple times per week with specific checklists.  Individual responses were as 
follows: 
• I usually have patient follow up once a week--if severe may check at start 
and end of week (Participant #1). 
• Start with concussion symptoms scale filled out by patient at the start of 
medical visit.  Provider should then review symptoms with the patient for a 
better understanding.  Patients should fill out symptoms scale periodically to 
document recovery, perhaps every few days, but not daily as this may cause 
them to hyper-focus on their symptoms.  No good data on how often to fill 
out the symptoms scale (Participant #2). 
• Symptoms should be assessed by school RN or athletic trainer (preferably) 
or parents several times per week using symptom checklist (Participant #3).  
• After initial evaluation, I like to see them in three to four days and then 
follow up is dependent on response, symptom progression, and where they 
are in their season/desire to return (Participant #4). 
• Research suggests at least one time per week.  More often if very 
symptomatic and less often when symptoms begin to subside (Participant 
#5). 
 
Responses to question seven: A) How should returning to school and physical 
demands (including sports) be addressed? B) Do you recommend a graduated 
return-to-play protocol, and if so at what point during their recovery?  Returning to 




mentioned, holding a student out of school until symptom free would result in a very long 
period away, which could negatively impact academic performance.  Only one 
participant (20%) mentioned school rest for a week.  Consensus amongst the other four 
participants (80%) was that return to school should occur as soon as possible once the 
adolescent’s acute symptoms improved.  Participant #2 stated the school should be asked 
to provide adjustments for recovery, whereas Participant #1 mentioned partial school 
days.  All of the participants (100%) recommended the graduated return-to-play protocol 
once the adolescent athlete was completely symptom-free.  Three of the participants 
(60%) also mentioned the graduated return-to-play should not occur until the adolescent 
was also fully functioning at school.  Importantly, Participant #2 also stressed the 
importance that exercise for recovery is separate and different than the graduated return- 







Responses to Question Six of Delphi Survey Round Two 
Participant Answer 
1 A) Be very specific--no sports and brain /school rest for a week if severe or 
partial school days. 
B) Gradual return to sports after a week if symptoms resolved. 
 
2 A) Return to school as soon as symptoms improve but don’t wait until 
symptom free. Ask the school to provide adjustments for the recovery. 
Should not return to sports until fully functional at school, symptom 
free, normal physical exam, and documentation of cognitive recovery. 
B) Must be clear that exercise for recovery is not graduated return-to-sport. 
Should not do the graduated return-to-sport until they meet the above 
criteria. 
  
3 A) Return to school should take place as soon as possible, when very acute 
symptoms have subsided and can tolerate light mental activity for 30 to 
45 minutes.  
B) No sports until has gone through graduated return-to-play which should 
begin once symptom free and at school doing well without adjustments. 
  
4 A) Return to school needs to come first and students need to be able to 
function in the classroom before returning to sports.  There needs to be 
an understanding that it is an individual response and coaches, parents, 
educators, and athletes need to get the same information. 
B) Yes--when symptoms have resolved and physical exam is negative. 
  
5 A) Research shows a graduated re-introduction of activities (school and 
home, NOT sports) after a few days of rest.  There is NO medical 
clearance to return to school or return to learn so this should happen 
earlier rather than later with support to the child to manage symptoms. 
NEVER hold a student out of school until “symptom-free.”  That would 
keep them out of school for up to four weeks and that can seriously 
impact grades/performance. 
B) Yes, a graduated return-to-play is non-negotiable, but we are doing the 
Buffalo Concussion Treadmill Test (BCTT) in PT for the non-athlete.  
 
 Responses to question eight: How often should these patients be followed up 
on?  This question aimed to determine how often experts thought concussed adolescent 




the five participants (60%) suggested an individualized approach.  The respondents 
seemed to all agree that those individuals who were more symptomatic should be seen in 
the clinic more often.  Two participants (40%) said once a week, another participant said 
every one to two weeks, and yet another participant said every two to three weeks in 
those who were more stable and recovering.  Participant #1 also mentioned seeing the 
individual back in the clinic once the adolescent was back to full school and sports to 
ensure symptoms had not returned.  While the individual responses varied, they all 
mentioned that follow-up on the concussed individual should take place.  Individual 
responses were as follows: 
• Until symptom free once a week, usually see back at least once after back at 
full sports/school to ensure no return of symptoms (Participant #1). 
• Very symptomatic patients should be seen more often.  Patients who are 
stable and recovering, perhaps every two to three weeks (Participant #2). 
• In clinic every one to two weeks (Participant #3). 
• Depending on recovery progression, some may need more frequent follow 
up and other may only need one to two follow up visits (Participant #4).  
• Can’t put a formula to this.  Some need to be seen after one week, some 
longer.  If they want to clear soon, then one week.  If we worry they are very 
symptomatic, then one week.  If symptoms are being reasonably managed 
and we need a few sessions of PT, then a number of weeks (Participant #5). 
 
 Responses to question nine: Is there a part of the exam that could be 
performed by someone other than the provider in order to maximize the provider’s 
time and be more efficient?  Ensuring timeliness and containing costs are two priorities 
for Sunrise Kids Care Clinic.  For this reason, this question aimed to determine which 
aspects of a concussion evaluation might be performed by an individual other than the 
provider.  Two of the participants (40%) mentioned that balance testing could be done by 
support staff.  On the contrary, Participant #4 stated balance testing needed to be done by 




assistant.  Two participants (40%) mentioned neurocognitive testing.  Participant #5 
mentioned all of the discharge education and school coordination was done by the 
psychologist at the facility.  Two of the participants (40%) also mentioned the symptom 
checklist could be started by the patient or support staff.  Vitals are typically done by the 
medical assistant so this was not taken into account by the author.  Individual responses 
were as follows:  
• The ACE form could be started by MA--however this is not done where I 
work but likely is at a specialty office (Participant #1). 
• Balance testing, orthostatic vitals, and perhaps even Vestibular/Ocular 
Motor Screening (VOMS) testing (Participant #2). 
• Vital signs and balance testing, and computerized neurocognitive testing (if 
applicable) could be done by support staff. Symptom checklist by patient 
(Participant #3).  
• Symptoms checklists, orientation, and recall could be done by someone else, 
however, they must be trained in the tool being used.  The physical exam 
with balance testing and review of questionnaires needs to be done by a 
provider (Participant #4). 
• Yes, our ImPACT test is done by either the athletic trainer or psychologist. 
All the discharge education is done by the Psychologist.  All the school 
coordination is done by the Psychologist (Participant #5). 
 
Objective Two Outcomes 
The second objective was the development of a concussion guideline and 
algorithm for primary care providers at the Sunrise Kids Care Clinic.  This objective was 
achieved by integrating the results from the second round of the Delphi survey with the 
published literature.  Certain aspects of the guideline also integrated comments made in 
the second round of the Delphi survey.  The author also chose to make some 
modifications to the guideline and included certain aspects of care addressed in the 
literature but not in the surveys to ensure the guideline was thorough.  For instance, the 
various domains of symptoms, red flags, and pre-participation were discussed in the 




with the completion of this step of the project.  The guideline can be found in Appendix 
F.   
Round Two of the Delphi Survey 
 The purpose of the second round of the Delphi Survey was to determine 
consensus in order to develop various components of the guideline.  Consensus as 
defined by the author was an agreement of 70% or greater for each question. Therefore, 
collection for the second round was quantitative and led to the final version of the 
concussion guideline, which was then presented to providers at the Sunrise Kids Care 
Clinic. 
Data Collection 
 Round two of the survey consisted of 13 questions in yes/no and multiple choice 
formats.  Qualitative responses from round one led to the development of the questions 
for the second round of the survey.  All of the participants from the first round, except for 
one physician who asked to be removed from the survey, were again invited back to 
participate in the second round.  One additional NP was invited to participate.  The 
second survey generated an 88.89% response rate with eight respondents of the nine 
individuals invited to participate.  The respondents consisted of two MDs who specialize 
in concussions (29%), one psychologist who specializes in concussions (14%), four NPs 
who specialize in primary care (43%), and one NP who specializes in urgent care (14%).  
 The responses were again collected using SurveyMonkey, an online survey 
platform.  The original email was sent to the participants on September 26th and a 
reminder email was sent on October 3rd.  The survey was closed on October 5th.  Since 




round except for the NP who did not participate in the first round.  Therefore, the 
additional NP was provided consent for participation in this round.  For the development 
of the clinical guideline, the respondents were asked yes/no and multiple choice questions 
in round two of the Delphi survey (see Appendix D):  
The first three questions asked yes/no questions regarding various aspects of 
evaluating and diagnosing a concussion.  Question one, which asked about the use of the 
SCAT tool for evaluation and diagnosis of a sport-related concussion, resulted in an 
87.50% consensus (seven of eight respondents).  Respondent #2 (12.5%) answered he/she 
would not recommend the SCAT tool and made the follow comment: 
SCAT only validated for three to five days after concussion, specific vestibular 
and I get a motor screening like the VOMS (Vestibular-ocular motor screening), 
with symptom scale is probably better.  Mini mental status on the SCAT has no 
norms that are well validated for kids.   
 
Question two asked about the most important components of a concussion exam during a 
short appointment slot; seven of eight respondents (87.5%) agreed that evaluating the 
vestibular and oculomotor issues, headaches, and concussion symptoms were the most 
important.  Respondent #7 wrote, “I think even in a short appointment slot, we are bound 
as a provider to complete a thorough assessment.”  Regarding question three, all of the 
participants agreed the most significant risk factors for prolonged recovery were amnesia, 
prior concussion history, migraines or headaches, dizziness, attention disorders, mood 
disorders, and/or emotional labiality, and/or premature returning to sport.   
Question four aimed to seek clarification regarding the amount of rest 
recommended since the responses in the first survey and the literature varied so much on 
this topic.  There was 100% agreement that strict rest should not be endorsed.  Instead, all 




most appropriate.  After the original rest period, then providers should gradually increase 
activity with an individualized approach as long as no symptoms were exacerbated.   
Question five aimed to seek a consensus on aerobic activity; all respondents 
agreed with the following question: Regarding aerobic activity do you agree with the 
following? Limit activity for the first week, depending on the severity of the symptoms, 
then begin light aerobic activity after the initial rest period, as long as there are not 
significant vestibular issues. May begin with 10-15 minutes per day and increase activity 
as tolerated. Symptom evaluation is very important, and cardio should only be done at 
home and never at school or sport until cleared.  
 Question six was the only multiple choice question; six of eight respondents 
(78%) chose the answer stating a referral should be made to PT after one-week post-
injury when the patient continues to have persistent symptoms or in those with neck pain.  
On the other hand, two of eight respondents (25%) chose the answer stating a referral 
should be made to vestibular therapy two weeks after the initial injury, especially in the 
case of vestibular/oculomotor symptoms.  
 Symptom evaluation was another important component that needed to be 
addressed for the development of the guideline (question seven); seven of eight 
respondents (87.5%) agreed that symptoms should not be evaluated daily but instead 
multiple times per week.  Respondent #4 made the following comment, “I would evaluate 
symptoms daily and as needed.”  Furthermore, the consensus was the school nurse, 
athletic trainer, or parents should evaluate symptoms with specific checklists.  The 




100% of the participants agreed that patients should be followed up on in the clinic at 
least once a week and less often as symptoms decreased.  
 Question eight concerned another important topic for the adolescent population-- 
returning to school.  Despite a consensus of 75% (six of eight respondents), two of eight 
respondents (25%) did not agree and three comments were made.  Respondent #3 stated, 
Agree with everything above but would say… Ideal is full days with adjustments 
(or supports). I never say accommodations because that implies a more formalized 
school plan like a 504 plan and that is not necessary early on in the concussion.  
For all early, informal and quickly implemented academic supports, I refer to 
them as adjustments, never accommodations.   
 
Respondent #4 commented, “Return to activity should always be gradual and not as soon 
as possible.”  A final comment was made by Respondent #3: “This is case specific--brain 
rest is encouraged.  I would wait 72 hours and then try a couple half days.  If no 
worsening of symptoms, then advance to full days and reevaluate.”  Despite a consensus 
of greater than 70% on this question, the author elected to modify and review these 
comments and responses in comparison to the literature in order to write this section of 
the guideline.   
 All of the participants agreed with question nine that a graduated return-to-play 
should not occur until the adolescent was fully functioning at school and completely 
symptom free.  Furthermore, 100% of the respondents agreed with question 10 that 
following up in the clinic should be an individualized approach based on symptoms.  
Respondent #3 made the following comment: “But weekly is helpful so you know when 
to release back to sports.”  
 Questions 11, 12, and 13 aimed to determine how to utilize support staff and 




Seven of eight respondents (87%) agreed that balance testing could be completed by 
support staff (question 11).  Respondent #2 disagreed and made the following comment: 
“I think the provider who is going to clear the athlete needs to see the response so there is 
no room for doubt about progress and possible return to play.” This comment was also 
factored in by the author when developing the final version of the guideline.  Regarding 
neurocognitive testing, seven of eight respondents (87%) agreed it could be completed by 
support staff (question 12).  Respondent #2 agreed this was okay as long as the 
interpretation was overseen.  Respondent #6 wrote, “Administration can be provided by 
support staff but interpretation must be professional.”  Another comment was made by 
Respondent #4: “Dependent on severity of concussion and mechanism of injury.”  All 
respondents agreed with question 13 that symptom checklists could be completed by the 
patient or the patient and their parent prior to seeing the provider.   
Guideline and Algorithm  
Development 
 Creation of the Guideline for the Diagnosis, Evaluation, and Management of 
Sports-Related Concussions in Adolescent Athletes required the incorporation of steps I 
through IV of the Stetler (2001) model framework: Preparation (Phase I), Validation 
(Phase II), Comparative Evaluation/Decision Making (Phase III), and 
Translation/Application (Phase IV).  The author developed the guideline by incorporating 
evidence gathered from the literature review, responses collected from the Needs 
Assessment Survey, and responses received from the Delphi surveys.  Since 70% or 
greater agreement was required for consensus, only two rounds of the Delphi method 
were required for the development of the guideline.  The algorithm was then created by 




successfully created, the author developed a PowerPoint presentation for the providers at 
the clinic (see Appendix J).   
Objective Three Outcomes 
 Objective three was achieved with the delivery of an educational in-service to the 
providers at Sunrise Kids Care Clinic.  The in-service, which was developed and 
delivered by the author, was presented on October 17th at the clinic.  It consisted of a 
PowerPoint presentation, handouts of the newly developed guideline, algorithm, along 
with background information on concussion tools.  The background information included 
the pathophysiology, sequelae, incidence, and variations in practices.  Each component of 
the concussion evaluation and proper management was discussed.  Six providers were in 
attendance: two PAs, three MDs, and one NP.  In addition to the providers, 21 staff 
members of the clinic were also in attendance including one clinic supervisor, three 
patient specialists, a case manager, one medical records personnel, one behavioral health 
consultant, one operations supervisor, one enrollment specialist, one referral coordinator, 
10 medical assistants, and one office manager.    
While other professions were in attendance, only the providers completed the pre- 
and post-tests.  At the time of the in-service, the providers were given the tests to evaluate 
their knowledge about concussion both before and after the presentation.  The post-test 
also asked their likelihood of implementing the presented guideline and algorithm into 
their practice.  Phase IV (translation/application) of the Stetler (2001) model was further 
achieved with the delivery of the presentation.  Phase V (evaluation) of the model was 
accomplished with the evaluation of the pre/post tests and the providers’ likelihood to 




Pre- and Post-Test Results 
 The pre- and post-tests were developed by the author to determine providers’ 
knowledge regarding concussions and specific components of the guideline before and 
after the presentation.  Both tests had the same nine questions (see Appendix K).  The 
author passed out the pre-test before the educational in-service, collected the responses, 
and then passed out the post-tests after the presentation was completed.   
There was an 83.3% response rate since five of the six providers turned in their 
pre- and post-tests.  The responses were completely anonymous to the author.  The results 
were then averaged and compared to one another.  It was discovered every individual 
missed question six (the circle all that apply question).  Since this question was missed in 
both the pre- and post-tests by every participant and the author recognized it might have 
been confusing, the author made the decision to eliminate this question from the results 
of both the pre- and post-tests.  The average score for the pre-test was 80%.  The average 
score for the post-test was 95%.  Since there was an increase in the average by 15%, the 
educational in-service was deemed helpful to the providers.  Furthermore, the author 
recognized that four of the five respondents answered 100% of the questions correctly 
and only one individual answered 75% of the questions correctly.   
Likelihood That Providers Will Utilize  
the Guideline 
 The last question on the post-test asked the providers their likelihood of 
integrating the presented guideline into practice.  Five anonymous providers completed 






Key Facilitators and Barriers to Project Objectives 
Facilitators 
 Many key factors contributed to the completion and success of this DNP project 
and its objectives.  Objective one, which involved the completion of the literature review, 
needs assessment, and first round of the Delphi survey could not have been completed 
without the overwhelming support from the author’s committee and the office manager at 
Sunrise Kids Care Clinic.  The support from the author’s committee, especially the 
research advisor, was vital to the success of the capstone including the literature review.  
Support from the office manager was also key to the success of the Needs Assessment 
Survey in objective one.  The manager served as a key facilitator by connecting the 
author to the providers in the clinic and encouraging them to participate in the survey. 
A key facilitator for the completion of both objectives one and two was the 
Medical Director at Rocky Mountain Youth Center for Concussion in Lone Tree, 
Colorado.  The author was given the opportunity to shadow in the clinic for a day.  From 
there, the author was also invited to a conference on concussions in the South Denver 
Metro area.  At the conference, the author networked with various professionals who had 
expertise in concussions.  Some of these individuals then became participants in the 
Delphi survey.  Their responses were extremely helpful for the creation of the developed 
guideline and algorithm. 
The office manager of Sunrise Kids Care Clinic also facilitated the completion of 
objective three.  The manager assisted by scheduling a time and location for the 




technology were provided to the author for the completion of the presentation, pre/post- 
tests, and evaluation of the providers’ likelihood of implementation.  
Barriers 
 There were a few barriers to the implementation of the project including lack of 
participation from professionals in the surveys and lack of individuals’ time.  Lack of 
participation from the physicians at Sunrise Kids Care Clinic was a barrier during the 
Needs Assessment Survey.  Unfortunately, it was also a barrier in the first round of the 
Delphi survey since only five of the nine individuals who were invited to participate 
followed through and responded to the survey.  Fortunately, in the second round, there 
was a greater response as eight out of nine individuals participated.  It would have been 
helpful and more ideal if there was a greater response for the first round as well.  Also, 
even though five of the six providers completed the pre- and post-tests during the in-
service, a 100% completion rate would have been ideal.  
Many of the providers who were invited to participate in the surveys had many 
demands at work, busy clinical schedules, and busy home lives as well, causing their lack 
of time to be a barrier.  Perhaps if there was more time for the project, the author could 
have invited more individuals to participate and allowed the surveys to stay open for a 
longer time period.  Since the selection of participants was not randomized, there was 
also potential for bias since the individuals who chose to participate likely had a vested 
interest in concussions when compared to those who did not participate.   
Unintended Consequences 
 A few unintended consequences resulted during the implementation of the 




information regarding concussions throughout the process.  Through the Delphi surveys, 
the author learned about the most updated version of the SCAT tool and the VOMS 
assessment.  The discussion regarding the various SCAT versions occurred in the 
Objective One Outcome section.  Both of these topics came about during the Delphi 
survey.  Since a few of the participants stressed the importance of the VOMS assessment, 
the author decided to look into this assessment modality further.   
 It was discovered the current concussion evaluation tools do not include 
vestibular and ocular motor function testing (Mucha et al., 2014).  The VOMS 
assessment assesses five domains including (a) smooth pursuits, (b) horizontal and 
vertical saccades, (c) convergence, (d) horizontal vestibular ocular reflex (VOR), and (e) 
visual motion sensitivity (Mucha et al., 2014).  Evaluation of symptoms involves having 
patients rate their symptoms before completing each VOMS and after each on a scale of 0 
(none) to 10 (severe) after each assessment.  The symptoms evaluated include changes in 
headache, dizziness, nausea, and fogginess (Mucha et al., 2014).  The VOMS is a brief 
screen that has proven to be a valid, highly sensitive, and consistent method of 
identifying sports-related concussions (Mucha et al., 2014).  A copy of the screening test 
can be found in Appendix I.  The VOMS assessment allows the provider greater insight 
into the athlete’s symptoms and deficits and helps guide the management and recovery 
from a concussion.  For instance, deficits in convergence suggests an inability to read and 
is an indicator of the need to restrict reading until there are significant improvements 
(Martinez, 2016).  The VOMS assessment can also help the provider determine if an 




 Another unintended consequence was the presence of other disciplines at the 
educational in-service.  The in-service was intended for just the six providers.  However, 
the day before, the office manager informed the author others would also be present.  
While this was unexpected, it ended up being helpful since the author was able to address 
the roles of the whole office team to ensure efficient, thorough concussion care.  For 
instance, the author discussed the components of the guideline that could be completed 
by the medical assistant in order to maximize the time the provider has with the patient.  
Not only this, another topic brought up during the in-service was the coordination with 
schools.  Since the other professionals were present, they were able to discuss how they 

























 As described by the literature review and supported by the responses from the 
Needs Assessment Survey and Delphi surveys, the diagnosis, evaluation, and 
management of concussions continues to be variable and inconsistent.  Lack of 
consistency or use of outdated evaluation tools could result in a missed diagnosis of a 
concussion, persistent concussion symptoms, long-term issues, or even second-impact 
syndrome.  The following recommendations and implications for practice address the 
purpose of this capstone project--to translate the most evidenced-based literature into 
practice in the form of a concussion guideline and algorithm that could serve as a guide 
for providers caring for adolescents suspected of having endured a sports-related 
concussion.  While an individualized approach to concussion diagnosis and management 
is important, a checklist and systematic approach in the form of a guideline is essential to 
ensuring that components of the exam are not missed and the adolescent is managed 
properly throughout recovery.  The guideline in this project was created to ensure quality 
and consistent care of adolescent athletes with a sports-related concussion.  This 
scholarly, comprehensive, evidenced-based, quality-improvement project utilized the 
Stetler (2001) model as a guide for the development of the guideline and algorithm to aid 




to continue and expand the project to facilitate providers’ diagnosis and care for 
adolescents with sports-related concussions. 
Recommendations for Guideline Implementation  
and Evaluation 
 
 This project should be continued and expanded.  After the completion of the DNP 
capstone project, the next step would be to plan for implementing the guideline into 
practice at Sunrise Kids Care Clinic.  Based on the results gathered from the Needs 
Assessment Survey, Delphi surveys, and pre/post-tests, the author of this project 
recommends the project be continued and implemented into practice.  The guideline 
produced during this project allows providers the opportunity to practice with evidenced-
based practices that were well validated in the literature and supported by experts.   
 To ensure the guideline is implemented into practice successfully, the author 
recommends a number of steps take place beyond the scope of this project.  First, current 
providers in attendance at the educational in-service should review and modify the 
presented guideline so it is completely applicable to their facility.  Next, the providers 
should come together to discuss the guideline and agree upon each component.  From 
there, the providers should decide on an individual to present the guideline to the support 
staff.  The presentation for this capstone project was intended for the providers only; thus, 
while some support staff were present at the educational in-service during the project, 
another one should be designed specifically for all staff involved in patient care.  This 
educational in-service should address each of the professional’s specific roles in 
concussion evaluation and management in more depth.  This would require the secretary, 
medical assistants, nurses, and anyone else involved be present.  It is very important that 




consistent approach to caring for these patients.  This includes the medical assistant who 
will need to ask specific concussion questions, perform different tasks than normal, and 
follow-up with concussion patients in a specific manner.  Additionally, the receptionist 
will need to be aware of certain forms for the patient and/or parent to fill out that are 
concussion-specific.  Not only this, coordination and communication with the school will 
need to be addressed, which is imperative in ensuring appropriate adjustments are made 
during the recovery period.  
  Next, the guideline and algorithm will need to be integrated into the electronic 
health record.  Having the guideline and algorithm assimilated into the chart for providers 
to follow will be essential in ensuring adherence and consistency.  Finally, a pilot study 
with a specific time frame and implementation dates should be completed.  The 
organization should then evaluate adherence to the guideline and perform a retrospective 
chart review.   
The strategic plan for Sunrise Kids Care Clinic consists of maintaining a healthy 
community, containing costs, and ensuring quality health care for its community 
members (Sunrise Community Health, 2016).  This project and its continuation aims to 
address all of these essentials by ensuring that providers have a systematic approach with 
the correct tools and resources to diagnose, evaluate, and manage adolescent concussions.  
Furthermore, raising awareness of concussions should help maintain a healthy 
community.  Providers should be urged to discuss the signs and symptoms of concussions 
with youth and their parents at each well-child physical so they can advocate for their 




about concussions and their sequelae will lead to a more informed and healthier 
community.   
Recommended Evaluations 
 A post-implementation evaluation should occur once the pilot study has been 
completed.  The author recommends the guideline be implemented for a trial period of at 
least three months in order to adequately determine the utility of the guideline.  At the 
close of the pilot study, two methods should be employed to determine adherence to the 
guideline: (a) a retrospective chart review and (b) an evaluation of providers’ perceptions 
of the guideline.  Together, these will not only help determine its utility but also indicate 
perceived advantages, drawbacks, and barriers to implementation.  Based on the results 
gathered from the chart review and evaluation, it might be necessary to address any 
concerns raised during the pilot study and modify the guideline and protocol accordingly.   
The clinic will need to establish specific inclusionary criteria for the chart review 
and compare the use of the guideline during the pilot-study to the months prior to 
guideline implementation.  The author suggests the clinic search both males and females 
between the ages of 10 and19 suspected of having endured a concussion.  Other search 
criteria should include chief complaints, methods used to evaluate symptoms, diagnosis, 
restrictions placed on the adolescent, and the management, follow-up, and clearance for 
school and sports activities.  Each of these items should be compared to the developed 
guideline.  The post-implementation evaluation should consist of a questionnaire 
regarding perceived barriers, facilitators, necessary changes, and modifications to the 




determined.  The chart review, questionnaire, and evaluation should be completed by the 
office manager along with one of the providers.  
Application of Project to Other Settings 
Once the pilot study has been implemented and evaluated successfully, the clinic 
might elect to implement the guideline in other Sunrise facilities where adolescents are 
seen as patients.  Concussion evaluation, diagnosis, and management are very important 
aspects of caring for adolescents’ health and well-being.  For this reason, the author 
endorses the use of the guideline in other Sunrise facilities.  Sunrise Community Health, a 
patient-centered organization, has 10 clinics throughout the Greeley, Loveland, and 
Evans.  Since this organization has many locations in three communities, implementing 
the concussion guideline across the clinics would greatly contribute to the public health 
of these populations.  Ensuring evidenced-based, quality care to adolescents who have 
suffered a concussion ensures quality standardized care throughout the communities.   
With time, the author also recommends the project be even further expanded to 
include the schools.  Since part of the guideline includes working with the schools to 
provide adjustments for the adolescents as they return to school, this is yet another 
important piece.  Not only this, recognition of a concussion begins from the time on the 
field.  The quicker an adolescent can be removed from play and evaluated, the better the 
outcomes are likely to be.  While training is required for coaches, it is just as important 
for other members of the school team to be aware of concussions, the rehabilitation 
process, and necessary school adjustments during the recovery period.  Thus, a 





Personal Goals and Contribution to  
Advanced Practice Nursing 
 
 The APN role has continued to progress with the development of the Doctor of 
Nursing Practice (DNP) degree.  As discussed by the American Association of Colleges 
of Nursing (AACN; 2006),  
The goal of doctor of nursing practice (DNP) programs should be to produce 
nurses that are uniquely prepared to bridge the gap between the discovery of new 
knowledge and the scholarship of translation, application, and integration of this 
new knowledge in practice. (p. 15) 
 
The author’s personal goals aligned with the goals of the AACN.  Throughout the 
graduate school process, the author was exposed to various courses that culminated with 
the capstone project.  A specific personal goal of the author was to successfully integrate 
the knowledge learned throughout the DNP program into the capstone project.  The 
author also aimed to address quality of care on a broader community level rather than just 
an individual patient level.  The process completed in this DNP project allowed the 
author to excel as a leader and translate the literature into practice in an area where there 
is an identified gap of knowledge.  Successful completion of the DNP project required 
the author assume leadership, confidence, and readiness to move forward into the Doctor 
of Nursing Practice role.  
Five Criteria for Executing a Successful Doctor  
of Nursing Practice Final Project 
 
 The number of DNP programs in the United States has drastically increased in 
recent years, which has led to a great deal of variability in the requirements and 
expectations of doctoral work (Waldrop, Caruso, Fuchs, & Hypes, 2014).  Therefore, the 
AACN’s (2006) Essentials of Doctoral Education in Advanced Nursing Practice were 




AACN Essentials, Waldrop et al. (2014) set forth five criteria that summarize the steps a 
DNP capstone project must fulfill.  The five criteria are summarized with the acronym 
EC as PIE: E = Enhance; C = Culmination; P = Partnerships; I = Implements; E = 
Evaluates (Waldrop et al., 2014).  Each of the essential components must be completed to 
“come together to form one complete ‘pie’ representing evidenced-based practice that is 
robust and innovative, culminating in a DNP final project that makes a difference” 
(Waldrop et al., 2014, p. 301).  The EC as PIE acronym was used to evaluate this quality 
improvement project; a description of how each essential component was fulfilled is 
described as follows: 
• E= Enhance health outcomes/practice outcomes.  This project enhanced 
health and practice outcomes by introducing a concussion guideline and 
algorithm that ensures adherence to evidenced-based practices.  The 
guideline and algorithm serve as a guide for providers caring for adolescents 
with a sports-related concussion.  
• C = Culmination of practice inquiry.  In this project, the author attained 
expert knowledge in concussion diagnosis and management in the 
adolescent population through the completion of a thorough literature 
review in the first phase of the project.  As this essential component also 
delineates, this expert knowledge must be practical and usable within the 
clinical setting.  The knowledge gained from the Needs Assessment Survey, 
Delphi surveys, and pre/post-tests allowed the author to determine the 




recommended by the author, the algorithm steps are also able to be 
integrated into the electronic health record.  
• P = Partnerships.  Successful completion of this capstone project required 
partnering with various professionals for the completion of the Delphi 
survey and Needs Assessment Survey.  Furthermore, the author partnered 
with the office manager of Sunrise Kids Clinic to ensure the delivery of the 
educational in-service.   
• I = Implement/apply/translate evidence into practice.  The author applied the 
evidence-based literature on sports-related concussions in adolescents into a 
specific clinical practice setting.  The RE-AIM framework (Schwingel et al., 
2017) assisted in this step.  The RE-AIM framework allowed the author to 
determine the essential elements for practice change, feasibility, barriers, 
adaptations necessary, and the feasibility over time.  Furthermore, the Needs 
Assessment Survey was conducted to determine the specific needs of the 
practice and an educational in-service was conducted at the facility.  
• E= Evaluation of health care, practice, or policy outcomes.  In this project, 
the author utilized a post-test to evaluate the intervention of the educational 
in-service.  Providers at the clinic also ranked their likelihood to implement 
the proposed guideline.  While the guideline was not physically 
implemented into practice with a pilot study during this project, the 
recommended evaluation methods were discussed above in this chapter.  If 




by the author, the necessary next steps to evaluate outcomes have been 
described.   
Summary  
 
  Recommendations for the continuation, expansion, and evaluation of this DNP 
project were described in this final chapter.  This quality improvement project, which 
resulted in the development of a concussion guideline and algorithm for sports-related 
concussions in adolescents, is an important public health topic.  Use of the guideline and 
algorithm will ensure providers care for adolescents with sports-related concussions in a 
consistent, well-validated, evidenced-based manner.  
 This DNP project addressed the concern of providers who were caring for 
adolescents with concussions in an inconsistent, outdated, non-evidenced-based manner.  
To produce a guideline that was well supported by the literature and applicable to the 
clinical setting, many steps were undertaken: a Needs Assessment Survey, a thorough 
literature review, Delphi surveys, pre- and post-tests during an educational in-service, and 
an evaluation of the likelihood providers would use the presented guideline.  The EC as 
PIE method described by Waldrop et al. (2014) was used to evaluate the scholarly 
qualities of this project.  Since each of the five components was met, this DNP project 
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Delphi Survey One Questions: 
 
1. Is there a tool that you recommend for evaluation and diagnosis of an adolescent 
athlete suspected of having endured a concussion? In a short appointment slot, 
what are the most important aspects to evaluate when a concussion is suspected? 
2. What are the most significant risk-factors for prolonged recovery? 
3. What do you recommend for amount of rest? 
4. What do you recommend regarding aerobic activity?  
5. At what point should a referral to physical therapy and/or vestibular therapy be 
considered? 
6. How should symptoms be evaluated, and at what frequency? 
7. How should returning to school and physical demands (including sports) be 
addressed? Do you recommend a graduated return-to-play protocol, and if so at 
what point in their recovery? 
8. How often should these patients be followed up on?  
9. Is there a part of the exam that could be performed by someone other than the 























1. Do you agree that the following are the most important components of a 
concussion evaluation and diagnosis, and would therefore recommend the SCAT 
too? 
- Presence of red flags, a memory assessment using Maddocks questions, a 
Glasgow Coma Scale, Cervical spine assessment, background information, 
symptom evaluation/checklist, cognitive screening, immediate memory 
testing, concentration testing, a specific neurological screen including moving 
head up/down and side to side, balance testing, and delayed recall? 
2. Do you agree that in a short appointment slot, the most important aspects to 
evaluate when a concussion is suspected are: Vestibular and oculomotor issues, 
headaches, and concussion symptoms? 
3. The majority of the participants agreed that the following are the most significant 
risk factors for prolonged recovery: amnesia, prior concussion history, migraines 
or headaches, dizziness, attention and/or mood disorders, and/or premature 
returning to sport, do you agree? 
4. The responses regarding the amount of rest varied in the first survey.  However, 
would you agree with the following? Maximize rest the first few days (around 72 
hours), then gradual increase activity as tolerated, individualized approach, no 
strict rest. 
5. Regarding aerobic activity, do you agree with the following? Limit activity for at 
least the first week, depending on the severity of the symptoms, then begin light 
aerobic activity after the initial rest period, as long as there is not any significant 
vestibular dysfunction. May begin with 10-15 minutes per day and increase 
activity as tolerated.  Symptom evaluation is very important, and cardio should 
only be done at home and never at school or sport until cleared. 
6. The responses in the first round regarding a referral to physical therapy and/or 
vestibular therapy were mixed.  Which of the following do you recommend? 
a. If after 10-14 days of persistent symptoms, especially dizziness, severe 
headache, lightheadedness, then refer to PT or OT 
b. If at 1-week post-injury the patient continues to have persistent symptoms 
(such as dizziness, severe headache, light-headedness), or in those 
individuals with neck pain, then refer to PT 
c. After 2-weeks post-injury, especially when vestibular/oculomotor 
symptoms refer to vestibular therapy 
d. As soon as possible in patients who complain of dizziness or visual 
problems refer to vestibular therapy. AS soon as possible in those with 
neck pain or persistent headache refer to PT 
7. Do you agree with the following regarding symptom evaluation: Do not evaluate 
concussion symptoms daily, have the school nurse, athletic trainer, or parents 
evaluate symptoms scales multiple times per week with specific checklists? 
Follow up with patients in the clinic at least once a week, more often if symptoms 
are worse and less often as symptoms decrease. 
8. Regarding returning to school, do you agree with the following?  Have the 
adolescent return to school as soon as possible after the initial few days of rest (72 
hours) once the acute symptoms have resolved. Do not keep the adolescent from 
attending school until they are completely free of symptoms; minimize time away 
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from school; ask the school to provide adjustments for recovery. Ideal is full days 
with accommodations. 
9. Do you agree that the graduated return-to-play should not occur until the 
adolescent is fully functioning at school and completely symptom free? 
10. The majority of respondents agreed that individuals should follow up in the clinic, 
and it should be an individualized approach based on symptoms, do you agree? 
11. Do you agree that balance testing could be completed by support staff? 
12. Do you agree that neurocognitive testing could be completed by support staff? 
13. Do you agree that symptom checklists could be completed by the patient or the 






















Questionnaire for Needs Assessment 
 
1. Could you tell me about how you diagnose an adolescent with a concussion? 
2. How do you evaluate the signs, symptoms, and severity of an adolescent 
suspected of having a concussion?  
3. What restrictions do you place on the concussed adolescent athlete? 
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Suspect Adolescent with concussion, 
based on symptoms from 4 domains
Determine if neuroimaging 
necessary 
Use SCAT 3 for evaluation


















































SPORT CONCUSSION ASSESSMENT TOOL 2,  
SPORT CONCUSSION ASSESSMENT TOOL 3, 


















































































POWERPOINT PRESENTATION TO  







































































1. A concussion can only occur with a direct blow to the head: True/ False 
2. Concussion signs and symptoms are rather easy to distinguish: True/False 
3. What are the 4 domains of concussion signs and symptoms? 
_____________      _______________      ________________   ___________  
4. The most common symptom after a concussion is: (a) headache (b) confusion    
(c) amnesia (d) irritability  
5. Frequent use of specific concussion checklists for individuals suspected of having 
endured a concussion is important: True/ False 
6. A risk factor for prolonged recovery after a concussion is (circle all that apply): 
(a) Sedentary lifestyle (b) History of ADD/ADHD (c) History of alcohol use     
(d) Age: adolescents 
7. Adolescents should not attend school until they are symptom free: True/False 
8. If an individual is experiencing symptoms 1-2 weeks after the injury, you should 
order an MRI or CT of the head: True/False 
9. Individuals may complete the graduated-return-to-play even if they are still taking 
medications for minor lingering symptoms: True/False 
 
 
